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INTRODUCTION 


Channel  erosion  in  the  Southwest  Region  is  recognized  as  a  very  im- 
portant part  of  the  broad  problem  of  erosion.    Although  a  relatively  smaller 
part  of  the  Soil  Conservation  Service's  program  to  date    has  been  directed 
toward  its  correction  as  compared  to  the  correction  of  sheet  and  gully  ero- 
sion on  the  watershed,  it  has  probably  been  due,  not  to  a  lack  of  apprecia- 
tion of  its  importance,  but  rather  to  difficulties  of  economic  justification 
and  to  lack  of  standardization  of  professional  practices  for  its  solution. 

The  approach  to  this  problem  and  the  practices  proposed  in  this 
brief  represent  the  application  of  recognized  tochnic£.l  precepts  and  usages 
in  combination  with  numerous  lessons  learned  by  trial  and  error  from  many 
developments  that  have  been  made  throughout  the  Region, 

It  seems  doubtful  if  any  part  of  the  United  States  presents  greater 
difficulties  to  a  feasible  solution  of  the  problem  of  channel  erosion,  or 
exhibits  a  greater  need  for  protoctivo  measures,  than  the  Southwest.  It 
has  boon  estimated  that  there  arc  more  than  1000  miles  of  stream  banks  in 
Region  8  where  stabilization  is  needed  and,   in  part,  can  be  justified.  The 
reasons  for  difficulties  center  around  the  sparsity  and  character  of  rain- 
fall and  the  consequent  effects  upon  vegetative  gro^rth,  erodibility  of 
soil,  and  variability  and  intensity  of  stream  flov/,    A  few  streams  are 
perennial,  many  are  intermittent  or  ephemeral,  a  great  many  are  continuous- 
ly dry  except  for  short  periods  of  the  year,  some  flowing  only  a  few  days. 
If  happens  also  that  the  locations  of  nearly  all  of  the  agricultural  devel- 
opments and  consequent  residential  and  industrial  concentrations  occur  on 
alluvial  valleys  or  bottom  lands.     This  is  because  these  lands  depend  upon 
irrigation  and  also  because  very  fertile  soil  is  to  bo  found  there. 

Before  human  occupation  and  residence  took  place  in  alluvial  val- 
leys the  indigenous  vegetation  on  the  watersheds  controlled  the  run-off 
of  the  more  moderate  flows.     In  some  valleys  this  cover  provided  a  non- 
erodible  surface  for  existing  stream  flow  without  scouring  a  channel, such 
as  in  the  case  of  the  San  Simon  (Arizona)  and  Rio  Puerco  (Now  Mexico) 
valleys  and  many  of  smaller  size.     Some  stabilization  of  banks  was  devel- 
oped by  tree  or  shrub  growth,  especially  where  the  stream  flow  was  peren- 
nial, or  nearly  so,    IVith  the  progress  of  time  an  crosional  cycle  on 
watersheds  developed  due  to  grass  cover  depletion,  o.nd  stream  flovf  increas- 
es started  a  cycle  of  channel  erosion  and  onlargoment.     In  nearly  all 
cases  whore  this  erosion  has  been  very  rapid,  it  has  been  characterized 
by  the  process  of  meandering.    Along  many  channels  climatic  and  soil  con- 
ditions and  stream  flow  characteristics  have  not  boon  suitable  for  estab- 
lishment of  a  voluntary  tree  or  shrub  grov^th.     On  some  channels,  however, 
the  existing  conditions,  v.rhich  generally  do  not  include  excessive  gradients 
and  consequent  excessive  velocities,  are  often  suitable  for  this  growth 
when  it  is  planted  under  control  measures  such  as  are  outlined  in  this 
brief.     The  limits  of  maximum  velocities  where  vegetative  measures  are 
practical  are  about  10  to  12  feet  per  second  average  for  the  total  cross 
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sections,  or  I5  to  20  feet  per  second  for  the  greatest  velocity  at  any 
point  in  the  cross  section. 

The  extent  to  which  channel  erosion  has  proceeded  or  may  proceed  in 
alluvial  valleys  depends  upon  the  particular  factors  affecting  each  partic- 
ular valley.    Already  in  some  valleys  the  alluvial  deposits  of  fertile  soil 
of  which  they  were  composed  have  been  completely  lost  by  erosion,  and  the 
entire  width  of  valley  has  become  a  sand  v>rash»    There  also  are  oth^r  val* 
leys  now  in  early  stages  of  the  erosion  cycle  that  are  doomed  to  destruc- 
tion for  agricultural  purposes  unless  control  measures  are  undertaken. 

Much  has  been  expressed  as  to  the  feasibility  of  channel  stabiliza- 
tion.   Doubts  for  many  cases  are  believed  well  founded,  not  so  much  from 
technical  limitations  as  economic  ones,    ^^'hether  or  not  channel  stabiliza- 
tion is  justified  ivill  depend  entirely  upon  the  economic  assets  and  poten- 
tialities of  each  prospective  project  in  relation  to  the  cost  of  stabiliz- 
ing measures.    Yfhere  no  agricultural  developments  or  potentialities  exist, 
the  justifying  factors'  for  stabilization  are  usually  found  in  the  extent 
and  r'ate  of  delivery  of  a  potential  silt  source  as  it  affects  reservoir 
storage  or  other  developm.ents  further  downstream, 

'  Rsg^^dlsss  of  v;'-hether  a  channel  stabilization  project  pertains  to  a 
lalrge  or  .small  valley,  although  especially  important  in  small  agricultural 
valleys,  it  will  be 'necessary  in  nearly  all  cases  to  use  great  care  in 
designing  and  planning  to  develop  practices  at  a  cost  v;hich  can  be  justi- 
fied by  a  fair • economic  analysis.     It  has  been  learned  by  experience 
throughout.  Region  8  that  undoubtedly  the  cheapest  successful  practices  em- 
body a  c ombination- of  tree  and  other  vegetative  growth  with  engineering 
structuresc    With  economy  of  costs  to  be  considered,  structural  work 
should  be  proposed  only  whore  there  is  a  need  to  protect  and  foster  vege- 
tative growths  or  1 0  take  the  place  of  vegetative  measures  v/here  the  lat- 
ter will  not  serve.    Both  types  of.  wQrkwill  need  maintenance  and  follow- 
up,  and  to  be  successful,  both  original  do\''elopment  and  maintenance  must 
be  part  of  a  comprehensive  pln.n,-    In  connection  v;ith  the  original  design 
and  plan,  it  is  especially  desirable  that  the  native  materials  of  trees, 
timbers,  brush,  and  r-ock  which  can:  be;  procured  'locally.be  used  as  much  as 
possible,  that  a  low  limit  be  placed  on' use  of  expensive  m.aterials  which  '■ 
must  be  purchased,  and  that  plans  be  adaptable  to  the  capabilities  -  of  lo- 
cal labor  and  equipnenti     In  short>  it  is  essential  that  the  type  of  pro- 
tective work  adopted  be  within  thQ  ^rieans  and  the  ability  of  the  coopera- 
tors  or  landowners  to  create  and  maintain. 

In  regard  to  planning,  it  should  be  further  recognized  that  the 
work  of  creating  and  maintaining  a  stable  channel  may  represent  in  many 
cases  only  a  part  of  the  problem,  of  valley  stabilization  and  that  in  it- 
self it  does  not  provide  protection  to  the  flood  plain  and  valley  from 
channel  overflov^.     It  should  be  further  recognized  that  all  problems  of 
channel  stabilization  are  interrelated  with  tributary  v.-atershed  tre.^-tment. 
Furthermore.,  in  certain  problem  cases  a  m.odification  of  stream  f  lovr  and 
reduction  of  its  sediment  content  by  ^vatershod  treatment  will  be  necessary 
before  channel  and  valley  stabilization  can  be  practicable  or  justifiable. 
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STATEFilKT  OF  PRCELEK 


It  is  quite  obvious  that  the  principal  objectives  of  channel  stabi- 
lization work  will  bo  the  fixation  of  a  channel  bank  to  prevent  the  remov- 
al and  destruction  of  the  alluvial  soil  of  the  valley  floor  behind  it  and 
the  preservation  of  the  improvements  thereon.     This  stabilization  serves 
for  one  erosion  operation  only  —  bank  cutting.     It  is  a  matter  of  obser- 
vation that  bank  cutting,  alone  is  responsible  for  the  greater  part  of 
flood  dam.ages  in  agricultural  valleys,  at  least  from  the  flood  flows  of 
average  years,  as  contrasted  to  flood  flows  of  rarer  frequency.     It  is 
during  the  periods  of  long  and  intense  floods  that  the  greatest  danger 
oxists  for  the  formation  somewhere  on  the  valley  floor  of  a  nev;  channel. 
For  this  reason  a  channel  stabilization  program  should  take  into  consid- 
eration this  possibility  and  should  include  protective  measures  to  be 
carried  out  on  the  flood  plain  to  minimize,  if  not  entirely  eliminate, the 
serious  consequences  from  this  source. 

Three  different  types  of  study  are  necessary  in  order  to  properly 
evaluate  the  extent  of  a  channel  stabilization  problem,  and  to  judge  its 
feasibility, 

1,  One  of  these  is  an  economic  analysis  which  should  take  into  ac- 
count the  record  of  damages  incurred,  both  seasonal  crop  or  im.provemont 
losses,  and  permanent  soil  destruction.     It  should  distinguish  hetvreen 
losses  that  may  be  prevented  by  the  proposed  protective  measures  and  those 
that  cannot  be  prevented i  it  should  also  attempt  to  estimate  probable  fu- 
ture rate  of  losses  as  distinguished  from  rate  of  past  losses.     The  degree 
of  refinement  of  the  system  of  analysis  which  may  be  justified  will  depend 
upon  the  size  and  cost  of  the  project.     On  large  projects  the  sj^stem  em- 
ployed should  not  vary  greatly  from  that  employed  by  the  Flood  Control 
Section  of  the  Soil  Conservation  Service,     This  analysis  will  forestall 
further  consideration  of  proposals  where  benefits  are  obviously  out  of 
line  with  cost  estimates, 

2,  The  determination  of  the  technical  feasibility  of  a  project  and 
construction  planning  require  a  kno\'fledge  of  the  ph^^'sical  conditions  of 
channel,  valley,' and  watershed.     An  examination  or  survey  to  determine 
these  conditions  should  describe  the  follo^'iring  physical  features:  valley 
and  imtershed  topography  (including  slopes,  elevations,  and  vegetative 
cover),  soil  (extent,  quality,  and  characteristics),  and  any  geologic 
features  of  influence.    Factors  of  present  and  past  land  use  and  ovfnership 
boundaries  are  valuable  supplements  to  existing  physical  conditions  and 
may  be  secured  at  time  of  physical  surveys.     In  this .connection,  any  ex- 
isting maps  will  be  of  value,    Aerie^l  photographs  are  probably  the  most 
valuable, 

A  special  feature  of  the  survey  will  contain  data  pertinent  to  the 
stream  channel  itself;  cross-sections,  gradient,  channel  bank  slopes  and 
alignment,  character  of  material  in  banks,  and  character  a'nd  extent  of 
trees  and  other  protective  vegetation  that  are  to  be  found  on  stretches  of 
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existing  banks  or  on  the  flood  plain  and  valley  floor  naar  by.  Observa- 
tions of  vegetative  grw/th  on  channel  banks  should  be  made  with  regard  to 
value  for  incorporation  into  a  c anprehensive  project  plan.  Observations 
of  trees  and  brush  (shrubs)  in  the  valley  and  elsev.'here  should  be  made  for 
consideration  as  a  source  of  structural  material  and  of  planting  stock 
which  may  be  usable  in  a  plan  of  projected  measures.     In  this  regard,  good 
management  practices  should  also  be  considered  as  the  use  of  certain 
species  may  be  helpful  to  the  stand  of  trees  while  the  cutting  of  others 
may  not  be  advisable.     The  location  of  trees  especially  should  be  noted  as 
to  .whether  or  not  they  may  become  favorable  or  unfavorable  influences  v;hen 
large  floods  occur, 

5.  The  third  &tud5r  to  determine  basic  data  needed  in  planning  is  a 
hydrologic  study  of  the  watershed,.   This  study  should  take  into  considera- 
tiop  all  existing  run-off  and  rainfall  data,  including  local  reports  for 
small  or  isolated  watersheds.     It  should  also  include  theoretical  determi- 
nations of  stream  flow  expectancy  made  by  standard  methods  based  upon  the 
area  of  watershed  and  the  factual  assumptions  indicated  from  available 
data.     The  character 'of  ■low -water  flow  should  be  determined,  as  this  in- 
formation is  essential  to- tree  and.oth.^r  vegetative  grov/th  planting.  A 
knowledge  of  flood   characteristics  and  mciximum  flood-peak  flov\'-  expectant 
cios  is  essential  for  the  planning  of  chan:^::}  size  and  alignment.  Esti- 
mates of  various  flood  flov/  factors  r.rc  needed.     These  include  peak  flovrs 
for  various  time  intervals  -  1  .year,.  25  years,  and  100  years-j  also  volumes 
of  run-off s  for  corresponding  floods  and  annual  averages.     Information  ob- 
tained from  local  sources  is  often  of  value,  but  should  be  carefully 
weighed  for  accuracy. 

The  following  .are  some  of  the  outstanding  factors  of  the  problem 
which  must  be  taken  into  consideration  in  adopting  and  carrsdng  out  a  plan 
of  protective  measures':- 

1.  Consideration  of  the  hydraulic  and  m.echanical  principles  that 
enter  into  the  operations  of  stream  flov;,  erosion,  and  sedimentation,  and 
that  contribute  to  the  problem  or  its  solution. 

These  basic  factors  are  discussed  hereafter  under  a  separate  chap- 
,ter  heading. 

2.  Adoption  of  a.  satisfactory- channel  capacity. 

Experience  has  shown  that  only  short  sections  of  channel  usually 
exist  where  no  alteration  of  channel  size  is  desirable,   or  where  protec- 
tive measures  should  not  involve  either  enlargement  or  reduction  of  chan- 
nel size.     In  adopting  a  channel  capacity  it  is  im.portant  that  the  portion 
of  the  discharge  of  flood  flows  which  is  carried  over  the  flood  plain,  as 
distinguished  frcm  that  in  the  chaniiel,  is  not  of  such  depth,  or  the  ve- 
locity so.  great,  that  serious  damage  by  scour  will  occur,     vVith  this  in 
mind  one  must  take  into  consideration  th?.  factors  of  flov.-  expectancy  and 
the  width,  depth,  and  cover  of  the  .flood' plain.    Jtn  estim.ate  of  flood  plain 
flow  will  be  influenced  by  the  probable  increased  depth  during  flood  flows 
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in  the  adopted  channel.  ■  It  is  believed  that  the  best  anproach  to  adopting 
a  normal  channel  capacity  must  be  determined  individually  for  each  channel 
under  consideration.     For  determining  a  suitable  width  of  channel  a  prac- 
tical guide  to  use  is  the  Viridth  of  a  stabilized  section  v;ithin  the  reach 
being  planned,  as  such  a  section  represents  a  living  measure  of  past  and 
'present  conditions.     It  is  apparent  that  it  m.ay  often  be  desirable  to  de- 
termine what  channel  capacity  will  produce  the  occurrence  of  occasional 
moderate  flood  plain  overflows.     Such  overflov;  m.e.y  perform,  the  functions 
of  land  leveling  and  upbuilding  of    low  areas  through  sediment  deposits, 
also  natural  irrigation  and  fertilization.     The  area  occupied  by  a  channel 
bed  should  be  free  of  vegetation  as  it  can  serve  no  useful  purpose  other 
than  the  conveyance  of  stream  flov;;  the  flood  plain,  on  the  other  hand, 
may  bo  useful  as  a  vegetative  habitat  supporting  a  grass  cover,  timber,  or 
woodlot  which  has  human  and  ivildlife  value,    V'[here  vegetative  protection 
is  to  be  established,  the  channel  should  bo  sufficiently  narrow  to  afford 
moisture  by  constant  or  frequent  contact  with  stream  flov/  at  the.  toes  of 
both  channel  banks,    -There  arc  some  examples  in  this  Region  where  the  ex- 
isting channel  width  is  so  great  that  viillovj-  plantings  on  one  bank  died 
from  lack  of  moisture  and  infrequent  contact  x'dth  stream  flow.     The  v/idth 
of  channel  also  has  considerable  bearing  upon  maintenance  as  the  cost  of 
maintaining  an  open  channel  wider  than  one  7J-hich  th.o  river  itself  will 
keep  relatively  clear  is  apf  to  be  prohibitive.     If  too  wide  a  channel  is 
established,  it  will  be  difficult  and  costly  to  keep  shrubs  and  trees 
from  becoming  established  within  portions  of  the  channel.     This  vvould  en- 
courage meandering  and  tend  to  increase  bank  cutting. 

Some  channels  in  Region  8  of  satisfactory  size  have  a  capacity  ap- 
proximating, or  slightly      less  than,  that  of  the  average  annual  flood 
flow  peak, 

3,  Adoption  of  a  satisfactory  channel  alignment. 

Any  comprehensive  plan  for  channel  stabilization  should  take  into 
consideration  possible  advantages  or  disadvantages  from,  improvement  of 
alignment.    Where  channel  bank  stabilization  is  a  problem  that  warrants 
attention,  the  process  of  meandering  has  nearly  always  proceeded  to  a 
point  where  the  aligrment  (as  vrell  as  size  of  channel)  is  not  suitable  for 
practical  stabilization  of  the  channel  banks  in  their  existing  location. 
The  sharper  the  curvature  of  a  channel  bank,  the  more  difficult  is  the 
problem  of  providing  a  stabilizing  m.edium..     There  occurs  a  degree  of  bank 
alignment  for  each  channel  at  which  vegetative  cover  can  not  be  maintained 
even  though  temporary  structural  measures  have  been  provided  for  its  es- 
tablishment,   V.Tiere  such  degree  of  curvature  exists,  stabilization  may  be 
effected  only  by  expensive  structural  ivork.     If  necessary  or  desirable, 
and  the  cost  is  justified,  satisfactory  structural  work  can  be  designed 
for  any  bank  curvature.     It  isbelieved,  however,  that  such  procedure  will 
rarely  be  justified  in  this  Region,    Frcm  the  point  of  view  of  costs,  it 
is  cheaper  to  establish  a  nev/  channel  bank  with  a  lesser  degree  of  curva- 
ture that  will  perrait  the  maintenance  of  tree  or  other  vegetative  covers. 
There  is  no  doubt  that  in  a  channel  plan  the  straighter  the  alignm.ent. 
adopted,  the  more  satisfactory  v^ill  be  the  performance  of  vegetative  bank 
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protection  and  the  lower  tho  cost  of  maintsnance.     On  the  other  hand,  there 
are  a  number  of  factors  that  vvill  control  the  extent  of  change  in  the  chan- 
nel alignment,  such  as  the  added  amount  and  cost  of  structural  i-vork,  in- 
cluding channel  excavation,  and  the  presence  or  proximity  of  improved 
property  involving  loss  or  hazard.     The  problem  of  alignment  correction  in- 
volves numerous  factors  that  require  integration  to  arrive  at  a  solution. 
The  correctness  of  the  recommendation  will, -depend  largely  upon  the  judgment 
and  experience  of  the  technicians  making  the  plan, 

I|.  Protection  of  vegetative  plantings. 

This  is  a  very  important  point  in  woi*k  planning  and  often  is  not 
appreciated  or  is  deliberately  neglected.     Tree  grov/th,  although  strong 
and  sturdy  v^hen  it  has  become  ■./ell  established  and  has  gained  size,  is 
very  delicate  v/hen  young,  and  survival  at  that  time  is  often  very  diffi- 
cult.   Young  tree  plants  are  succulent,  and  consequently  are  a  chosen 
browse  of  stockj  this  is  especially  true  of  certain  species  adopted  for 
bank  protection.     It  is,  therefore,  absolutely  e ssential  that  provision 
be  m.ade  to  exclude  all  stock  from  areas  of  ncv/  plantings.     The  surest  way 
is  by  fencing  the  areas  v/horo  planting  hos  been  undertaken. 

5»  Determination  of  channel  bed  variations  and  seasonal  trend  as 
to  aggradation  or  degradation. 

This  is  a  complex  factor  related  to  the  processes  of  erosion,  sedi- 
mentation, and  character  of  stream  flovvr,    A  fair  appraisal  of  the  Condi- 
tion can  be. made  from  local  observation  and  reports,  if  better  data  are 
not  available.     In  planning  and  designing,  this  factor  is  very  important. 
All  stream.s  not  on  a  solid  bed  develop  scour  during  floods  and  redoposi- 
tion  as  the  flows  recede.     The  amount  of  scour  varies  v/ith  the  velocity, 
duration  of  flow,  and  size  of  bed  material.     The  lowering  of  bed  level 
at  the  maximum  point  during  excessive  and  prolonged  floods  ranges  from 
50  percent  in  some  streams  to  ^00  percent  in  others  in  term.s  of  the  rise 
in  BurfRco  water  level.     It  is  ncccssarv  to  detcrm.inc  and  consider  this 
factor  for  any  channel  bank  ^vork  under  consideration.     In  straight  chan- 
nel sections  securing  to.kos  place  near  the  center  of  channel;  in  curved 
sections  it  is  clctjO  to  the  outside  of  channel.    Any  structural  ^vork 
roGommcndod  for  bank  protection  must  provide  for  this  possibility  in  pro- 
tection of  toe  or  the  effectiveness  and  integrity  of  the  structure  v.'ill 
bo  lost, 

6,  Availability  of  native  m-atcrials  for  use  in  structures  and  for 
planting  stock, 

A  survey  of  the  character,  extent,  and  location  of  growing  trees 
and  available  rock  and  gravel  is  one  of  the  first  essentials  in  making 
designs  and  preparing  a  plan  of  bank  stabilization.     Suitable  tree  plant- 
ing stock  m.ay  be  found  growing  in  the  flood  plain  near  the  charjiel.  If 
planting  stock  must  bo  transported  long  distances,  the  cost  of  a  planting 
program  may  be  considerably  increased.     Prevalence  and  size  of  planting 
stock  may  be  the  determining  factor  as  to  whether  large  or  small  cuttings 
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will  be  used  and  the  manner  of  planting,    "/here  Ir.r-re  posts  are  available, 
the  extent  of  the  aupply  moy  ,;^;ovGrn  the  mannGr  of  use,  v;hother  for  plant- 
ing only,   or  in  structure  and  planting  combination  as  in  the  use  of 
structural  members  made  of  v;illov.-  posts  v«hich  may  take  root  and  grow.  The 
character  and  prevalence  of  rock,  and  whether  it  is  found  in  loose  state 
or  must  be  quarried,  may  be  deciding  factors  in  the  design,  extent  of  use, 
and  cost  of  structural  v;ork.     The  availability  of  gravel  and  sand,  in  case 
of  absence  of  rock,  and  its  suitability  for  concrete  may  also  be  factors 
in  planning  the  type"  of  structural  design,     t^hether  a  channel  stabilization 
should  be  started  at  the  upper  or  the  louver  end  of  a  valley  has  been  a  con- 
troversial point.     It  would  seem  that  the  soundest  oasis  for  the  selection 
of  a  point  at  v/hich  to  start  a  job  should  be  the  selection  of  the  point 
where  work  is  most  needed,  and  from  this  point  continue  in  either  or  both 
directions  for  as  long  a  stretch  or  range  as  practicable.     Care  should  be 
taken  that  the  work  at  any  one  location  shall  not  cause  damage  at  points 
above  or  below,  or  that  work  done  in  one  work  season  shall  not  cause  damage 
before  v/ork  is  resumed, 

7«  Channel  bottom  stabilization. 

This  m.atter  is  extremely  inportant  on  all  strearas.     There  are  tivo 
types  of  problems.     The  less  important  is  probably  that  of  aggradation 
where  conditions  can  be  improved  by  tha  narro'-.dng  of  channel  width,  estab- 
■  lishjTient  of  definite  banks,  and  building  up  of  the  flood  plain  by  the 
natural  deposition  of  sediment.     The  other  t5'-pe  of  problem  has  to  do  with 
degrading  channels  which  occur  most  frequently  where  stroarr  courses  trav- 
erse narroxv  alluvial  valleys  and  empty  into  parent  stream.s  at  lovv'er  ele- 
vations.    If  the  alluvial  fill  is  deep,  bed  erosion  and  deepehing  of  the 
channel  becomes  a  serious  problem.    An  outstanding  example  of  this  condi- 
tion is  found  in  the  valley  of  the  Colorado  River  near  Grand  Junction, 
Colorado,     The  solution  of  this  type  of  problem  calls  for  channel  barriers, 
or  drops,  as  well  as  bank  stabilization, 

STATEIvlEKT  OF  BASIC  PRINCIPLES,  BOTH  THEORETICAL 
AND  APPLIED,  MDERLYING  THE  PROBIEIvI  OF  BAITIl 
PROTECTION  AND  STi.BILIZi.TION  PRACTICES 

Follo^'^ang  is  a  list  of  certain  pertinent  basic  principles  of  hydrau- 
lics and  mechanics  that  explain  the  nature  of  the  problem,  in  question  and 
point  out  requirements  of  practical  measures  rocomjriended,     (See  accompany- 
ing'exhibits  by  Clare  R,  Van  Orman  and  Lloyd  3,  Smith.) 

1.  Stream  erosion  or  scour  increases  vrith  the  square  of  the 
velocity, 

2.  The  silt-carrying  capacity  of  a  stream  (bed  load)  increases 
v;ith  the  6th  power  of  the  velocity, 

3.  The  narrower  and  deeper  a  channel,  the  higher  will  be  the 
vecolity  and  consequent  erosion  (increase  of  hydraulic  radius). 
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k»  The  straighter  the  channel  the  less  vrill  be  the  "bank  erosion. 

3»  Bank  erosion  v/ill-  increase  v/ith  the  er odibilit\'-  of  the  bank 
material, 

6,  Magnitude  of  forces  reacting  between  flovving  ivat.er  in  a  curved 
channel  and  the  restraining  bank  will  vary  with  the  velocit.y  of  the 
current  and  the  degree  of  curvature  of  the  bend,  or  angle  of  arproach  of 
current  to  bank  in  the  event  of  cross-channel  flows. 

7»  Erosive  action  taking  place  around  channel  bends  is  helicoidal 
in  nature,     A  considerable  part  of  the  erosive  forces>  being  vertical,  are 
downard,  causing  the  removal  of  eroded  material  hy  undercutting  and  bank 
caving, 

8,  The  da'mward  erosive  force  against  a  bank  is  greatly  reduced  when 
the  water  surface  overflows  the  bank, 

9,  Observation  and  laboratory  experiments  have  established  the  fact 
that  the  greater  part  of  bank  cutting  occurs  during  the-  period  of  flood  re- 
cession.    Explanatory  factors  of  this  occurronce  aro:  a)  this  is  the  period 
of  longest  duration  and  largest  volume  of  flow;  b)  volocitic-s  for  same  dis- 
charge are  relatively  higher  due  to  greater  depth;  -and  c)  point  of  maximum 
cutting  is  vGrtically  lowered  due  to  progressive  scour  of  channel  bottom, 

10,  In  channel  cross  secti ons,  where  aligrjncnt  is  straight,  the  point 
of  highest-  velocity  occurs  near  center  of  width  and  close  to  surface  of 
flow,  with  relatively  larcr  velocities  occurring  at  point  of  contact  with 
channel  banks  ccad  bedo    l/'^'herc  channel  aligniriont  is  curved,  hwvcver, '  the 
highest  velocity  occurs  very  close  to  the  outer  ,  edge  o.f- the  channel  -sjnd 
more  nearly  at  the  center  of  v«'ater  depth.     This  lew  point  of  application 

of  erosive  force  explains  the  greater  depth  of  scour  frequently  observed 
near  the  toe  of  bank  in  curved  channels,  and  the  increased  rapidit''''  of 
bank  os.ving 

11,  Channel  bends,  wlien  left  unprotected,  tend  to  move  downstream. 
The  high  sediment  load  of  the  current  derived  from  immoderate  local  bank 
cutting  along  concave  banks,  is  deposited  in  ve.rt  on  nearby  convex  banks  and 

••: recess ed  channel  pockets  dov:nstream,  ... 

12,  Constructive  work  designed  and  planned  to  resist  channel  erosion 
centers  around  several  fuiK'tions:  a)  in  the  case  of  impervious  works,  such 
as  jetties  and  revetments,  either  directly  against  or  som^e  distance  away 
from  the  bank,  and  plating  or  close  vegetative  covering  on  existing  banks, 
the  function  is  one  of  com.plete  deflection;  b)  in  the  case  of  pervious 
structural  work  or  vegetative  covering. on  existing  banks,  a  partial  deflec- 
tion occurs  Y.'hich  is  sufficient  to  reduce  the  potency  of  the  resultant 
erosion  upon  unprotected  points  of  the  bank;  c)  in  the  case  of  cervious 
structural  A-vork  placed  at  a  distance  in  front  of  existing  bank  and.i-long  a, 
new  line  adopted  for  improved  channel  alignirient,  or  in  the  case  of -tree 
growth  established  either  in  conjunction  'with  the  structural  vrork  or  in 


the  space  betv/een  it  and  the  old  bank,  tho  functions  of  moderation  of  cur- 
rent and  deposition  of  silt  behind  tho  structural  v.-ork  aro  of  equal  or 
greater  importance  than  that  of  pp.  rtial  dofloction, 

,13»  For  a  caving  bank,  especially  v.tiin  its  alignment  is  on  a  bond, 
the  key  to  successful  stabilization  lies  in  stabilizing  tho  toe  of  the  bank. 

lU,  In  any  structural  designs  for  use  on  cur^'cd  alignm.:.nt,  it  is 
important  to  provide  horizontal  obstruction  to  resist  the  db-Award  cutting 
force  of  holicoidal  currents,  as  v^rell  as  vertical  obstructions  to  resist 
the  longitudinal  component  of  velocity, 

15*  In  the  case  of  channel  banks  on  strait;ht  alij-Tiir-'nts ,  some  protec- 
tion to  too  of  bank  belov/  ivater  surface,  as  v/ell  as  to  slop''.   of  bank  above 
Vi'-ater  surface,  is  generally,  needed  to  act  as  insurance  against  possible 
local  deflection  of  current  against  bank  from,  snags  and  gravel  bars. 

16,  In  the  case  of  impervious  structures,  gr.:>ator  strength  must  be 
provided  in  their  design  than  for  pervious  structures  because  they  are  ox- 
posed  to  greater  forces, 

STATEa':E?:'T  OP  EKGIKESRm  FBACTICES  al.D  DESIGNS 

The 'first  step  in  the  procedure  of  malcing  a  plan  for  stream  bank  chan- 
nel stabilization  consists  of  preparing  the  three  surveys:  1)  economic,  2) 
hydrologic,  and  3)  physical.    How  extensive,  or  refln>..d  these  surveys  should 
be  may  be  determined  by  the  extent  or  importance  of  th-j  proposed  project, 

. If  the  analysis  indicates  the  likelihood  that  a  feasible  project 
may  be  developed,  the  next  step  in  procedure  is  the  preparation  of  a  com- 
prehensive plan.     This  includes  the  follovfirg  steps; 

1,  Deter.mination  as  to  what,  part  of  the  existing  channel  alignment 
m.ay  be  preserved  as  an  adopted  chaftnel  align]T;ent, 

2,  Indication  of  approxirate  location  of  stretches  of  channel  whore 
straightening  of  curved  sections  or  bends  is  recommended, 

3,  Determination  of  v^idth  of  channel  to  adopt, 

Tho  hydrologic  survey,  and.  extent  and  charf  :-.ter  of  stream  channel 
and  flood  plain  vvill  indicate  what -channe  1  capacity  should  be  adopted.  Sur- 
vey, data  will  establish  the  factors  of  channel  gradi^jnt,  height  of  banlcs, 
area  of  section,  hydraulic  radius,  and  coefficient  of  friction  of  stream, 
bends  and  banks,  and  raake  possible  the  calculation  of  the  ?-idth  of  channel 
necessary  to  secure  the' desired  capacity.     The  part  of  the  total  flood 
flows  that  can  be  handled  on  the  flood  plain  will  enter  into  the  determina- 
tion of  channel  width,      ,:  ' 


l\.  Adoption  of  degree  of  curvature. 
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The  physicr.l  survey  "vill  furnish  dr.ta  on  stream  bank  erodibility.  Chan^ 
nol  computations  v/ill  indicate  velocity  oxpoct-^ncy.     The  oconomic  survey  will 
establish  the  cost  limits  of  the  proposed  project.    Using  those  data  as 
guides  together  with  a  knowledge  of  availability  of  native  material  and  con- 
tingent property  losses  if  a  change  in  channel  aligrjnent  is  made,    the  plan- 
ning engineer  m.ust  decide  ho^v  great  a  variation  from  a  straic:ht  alignment  it 
is  justifiable  to  allow,    A  determination  on  this  matter  represents  an  in- 
tegrated solution  of  many  variables.     Each /location  is  a  problem  in  itself. 
Arbitrary  limitations  as  to  degree  of  curvature  adoption  for  channels  in 
general  will  not  apply  to  all  individual  cases,     Som^e  of  this  Service's 
early  experiences  in  attempting  to  stabilize  channel  banks  on  too  sherp  cur- 
Taturos.  with  the  consequent  failures  should  be  a  warning  against  undue  cp- 
timismi.    Any  m.athem.atical  formula  used  as  a  c;uide  to  determine  a  permdssible 
degree  of  curvature  would  involve"  the  factors  of  velocity,  sts^bility  of  ! 
stroaiii  bank  and  bottom,  and  strength  of  protective  ivork  and  adequacy  of  its 
design.     It  is  quite  apparent  that  success  in  applying  such  a  'formula  will  : 
depend  greatly  upon  judgm^ent  based  upon  experience.     Consequently,  provision 
should  be  made  wbf3n  major  projects  are  under  consideration  in  the  several 
regional  areas  for  the  review  of  the  conclusions  by  the  regional  staff, 

5»  Structure  locations. 

The  extent  and  character  of  structural  protecti-on  v:ill  bo  determined 
largely  by  channel  alignnent  curvature,  as  well  as  the  other  factors  thsit 
entered  into  curvature  determination.     The  i.Oot  extensive  structural  work 
will  be  located  on  the  outside  of  curves.    Usually  the  next  m.ost  extensive 
work  v^ill  be  channel  excavation.     This,  vri.ll  include  raking  new  channels, 
either '  to' designed  channel  capacity  or  by  r.eans  of  pilot  channels  that  are 
to  be  enlarged'  by  natural  flood  flow.     There  will  be  work  also  on  existing 
channels  —  enlargement,  and  bar  and  debris  rer.ov-.l,    Miscell'aneous  struc- 
tural work  includes  special  modifications  of  work  mentioned,  such  as  diver- 
sion dams  and  protection  to  existing  public  service  structures.     There  are 
two  im.portant  factors  that  m_ay  m.odify  alignr^nnt  location.     One  of  these  is 
the  matter  of  existing  bridge  and  irrigation  dam.  and  outlet  locations 'where 
satisfactory  structures  exist.     The  planned  alignment  m.ust  be  m.ade  to  con- 
form..    In  sor.e  valleys  an  opportunity  mjay  exist  for  improving  the  irrigation 
system-  by  improving  the  types  and  locations  of  the  diversion  dams  and  outlet 
structures,  or  in  combining  several  points  of  diversion  and  unifying  the 
canal  sj^-stem..     In  this  case,  channel  location  should  taice  this  into  con- 
sideration.    The  other  factor  has  to  do  v/ith  the  entrance  of  tributary 
streams  into  the  r.ain  channel.     Provision  m.ust  be  m.ade  for  the  break  in  the 
main  channel  bank  and  in  the  location  of  protective,  structures,  Somietimes 
it  v/ill  be  desirable  to  carry  the  stabilization  of  the  m.ain  chjr^nnel  bank 
som-e  distance  upstrecar.  on  the  banlcs  of  the  tributarj!-  stream.,    "^"i^arc  coarse 
silt  deposits  are  in  such  amounts  as  to  choke  the  channel,  it  rr^.y  be  neces- 
sary to  carry  out  m.easures,  on  the  tributaries  to  retain  the  sodLment  mthin 
the  tributary  watershed,   or  at  least  r^stard"  its  outv:ard  movoment. 

6,  Structure  types  and  designs. 

It  has  been  pointed  out  that  while  practically  any,  chanjiel  bank,  how- 
ever sharp  the  curvature,  can  be  successfully  stabilized  by  expensive  struc- 
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tural  ivork  of  impervious  design,  it  viill  be  a  rare  occurroncG  in  Region  8 
v^rhen  other  than  the  cheaper  typos  of  pervious  structures  can  be  justified. 
Since  a  foremost  object  in  planning  protective  work  \;ill  be  the  creation 
of  conditions  where  tree  plantings  and  otlier  vcgotativo  gro^^fth,  v/hcn  once 
established,  can  perpetuate  the  original  functions  of  structural  work,  the 
design  of  this  structural  v/ork  need  only  be  sufficient  to  perform  this 
temporary  function.     Native  wood  and  timber  will  be  used  cxtonsivoly  in  this 
work. 

Where  existing  bank  locations  are  adopted,  the  banks  should  bo  sloped 
at, or  flatter  than,  the  angle  of  repose  of  the  material.     The  slopes  and  the 
toes  of  slopes  should  then  bo  protected  by  suitable  structural  -vorlc  or  oro- 
toctivo  material  if  their  erodibility  requires  it.     This  Vidll  nearly  always 
bo  required  on  good  alluvial  soil,  especially  on  curved  alignraents. 

Adaptable  types  of  structures  m.ay  be  classified  as  follows: 

a)  A  "flexible  string  of  trees  held  by  a  line  of  cable"  arid  an- 
chors.    This  is  ^prabably  the  cheapest  structural  protection 
.and  very  efficient,  cheapest  at  least  as  regards  material  to 
be  purchased.    Its  efficiency  will  increase,  with  the  size  of 
the  trees;  the  maxim.ura  size  v.'ill  be  limited,  however,  by 
transportation  facilities  and        channel  viidth.     In  streams 
carrying  a  heavy  debris  load,  this  type,  of  protection,  as 
well  as  all  other  tj-pes  of  pervious  jetties  or  ru^■^etm.ents, 
collects  much  debris  y/hich  affords- a  more  impervious  cover- 
ing and  prolongs  the  effective  life  of  structural  protection. 
The  effect  on  reduction  of  channel  v/idth  should  be  allov.'od 
for  in  designing  channel  capacities.     This  .type  of  v/ork  is 
adaptable  for  use  either  on  existing  banks  or  along,  a  ncvf 
alignment  in  front  of  the  bank.     Greatest  lim.itation  to  this 
typo  of  work  is  length  of  , life;  the  larger  th.-;  trees,  the 
.longer  the  life.    Constant  inspection  and  m.ainte nance'  is  es- 
s'ential.     Parts  of  tr.cc.s  continuously  vvct  or  rioist  v.rill 
function  for  a  long  time.    Effectiveness'  f:-.nd  life  arc  depend- 
ent upon  strength  of  cable  and  anchors,  ;  Vv'he re  old  cable 'is 
used,'  allowance  should  be  made  for  reduced  strength-.  The 
tre^s-,  with  all  branches  left  intact,  form;  the  largest  area'- 
of  resistance,  '  They  should  be  attached  to  the  riain  cable 
line  hy  a'sm.all  secondary  cable  at:  points  near  the  butts, 
l/lO  to  l/5'  of  the  tree's  length.     The  axis  of  the  trees 
should  take  a  dov/nstream  direction.     This  type  of  lYork  is 
very  satisfactory  for  the  protection  of  the  toe  of  the  'bank;  ' 
It  can  be  placed  on  a  dry  bed  and  vdll  settle  sufficiently 
during  flood  flov.-,     T^;^o  types  of  anohiorage  provision,   or  a 
combination,  may  be  used  ".Yith  this  type  of  structure,  namely: 
one  anchor  on.  each  end  of  a  long  cable  i^rith  many  trees  at- 
tached along  the  line'.,  ,  This,  type  is  especially  suited  where 
the  structure  location  is  at,  a  distance  in  front  of  the  ex- 
isting bank.    Anchorage  her'e.ma.y  be  reinforced  by  the  indi- 
vidual anchors  of  the'  cross  lines  which  are  at.tached  to  the 
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main  cable  and  extend  diagonally,  to-^  the  bank,    7'/heri' thi's 
type  of  'v\^ork  is  located  directly  against  the  existing 
bank,  numerous  short  lines  of  cable  v;ith  one  or  more  tress 
may  be  anchored  indiYidually  behind  the  barj£«     The  same 
principles  gox^ern  the  strength  of  anchors  and  cables-,  as 
for  any  other  type  of  flexible  structures.     This  type ' of 
^   work  vvill  cost  from  2L3i  up  per  lineal  foot, 

b)  A  modification  of  tjrpe  (a)  is  a  flexible  mat  of  brush.  It 
is  adaptable  as- a  plating  f  or- oxi-sting  banks ,  but  is  not 
suitable,  for  location  on  a  new  line  located  some  distance 
in  front  of  the  bid  bank,    "l-Vhen' tised- as  plating,  numerous 
bunches  of  -  faggots "  1  foot  to  2  feat  in  "diainetGr  should  be 

•     bound  togbther  by'V^ire  and  placeci  side;  b^y  side  in  an  up- 
right position  on  the  slope,  butts  dc.vn,  and  each  bunch  so^  . 
curoly  attached  by  t^-vo  or  more  - lines  of  '  lighter  cable  to  two 
longitudinal  lines  of  heavier  cable.     Length  of  life  of  a 
brush  mat  is  short  but  may  be  sufficient  to  establish  a 
vegetative  covering,  ■ 

c)  Modifications  are  adaptable  to  new  channoi  edge  alignment. 
The  simplest  might  bo  called  "a  line  of  brush  faggots  an- 
chored and  held  in  place  by  one  row  of  piling  and  linos  of 
cable."     The  channel  stabilization  job  on  the  Rio  Grande 
near  Espanola,  Now  llexico,  employed  a  great'  length  of  this 
type  of  structure.     Old  heavy  r-ailroa'd  rails  v/cro  driven  as 
piles,  at  intervals  varjdng  from  10  feet  to  'ifO  feet  apart, 
and  acted  as  anchors  for  three  lines  of  3/h-icch  cable  that 
crisscrossed  above  and  below  faggots  of  brush  5  to  6  feet  in 

diameter  and  12  to  15  feet  long.     The  butt  ends  of  the 
brush  were  placed  on  the  river  "side  with  the  individual 
pieces  of  brush  and  faggots  laid  transversely  to  the  lines 
of  cable.     Timber  piling  may  be  used  wherd  length  of  lifo 
and  requir&d  strength  permit.    Piling  must  alwa^ys  be  driven 
sufficiently  deep  for  stabilit;y  during  channel  scour.  The 
depth  'of  penetration  below  anticipated  bottom  of  scour 
should  equal  I/5  the  length  of  steel  piling  and  l/2  the 
length  of  v/ooden  piling,  ■  '     y  ' 

t)' Another  modification  of  this  t\rpe  that,  like  tj^e  (c),  is 
suitable  to  a  new  alignjnent  consists  of  tr.vo  rows  of  piling 
placed  a  t&u  feet  apart  vvith  small  brush  placed  lengthv.dse 
betiveen  the  two  rov/s  'with  bottom  la xrel*  in  a  trench  to  a 
depth  as  close  as  practicable  to  la*rest  level  of  contem- 
plated scour.    Woven  vrf.re  may  be  used  befc'een  piles  to  sud* 
port  and  envelop  the  brush,  or  not,  dependdiig  upcffi  the 
required  life  and  strength.    Length  of  piling  should  be  th« 
acjne  as  for  type  (c).     Stability-  of ■  this  tjrpe  of  structurs 
can  bo  increased  by  transverse  or  diagonal  ties  between 
tops  of  piles  with  l/Ij-inch'  to  l/2-ih6h  cable. 
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o)  One  of  the  most  common  prr.cticcs  that  requires  rol'';tivcly 
littlo  purchased  material  and  has  a  very  wide  adaptability, 
cither  for  protoction  of  established  banks  and  toQS  of 
banks,  or  for  ch-'\nnol  edge  os tablishmont,  is  the  use  of  one 
line  of  piling  with  a  facing  of  vi-ovon  vfirc.     ThiJ^  is  the 
type  of  structure  employed  by  the  Middle  Rio  Grande  Conserv- 
ancy District,     In  this  instance,  '^s  wherever  piling  is 
used,   its  success  depends  largely  upon  whether  the  piles  arc 
driven  deep  cnouf.h.     In  exceptional  cases,  25-  to  IiO-foot 
piles  employed  on  the  Rio  Grande  vvit?i  5-  "to  8-foot  projec- 
tion above  low -water  stream  bod  ho.vo  been  washed  out  during 
floods,     (Local  scour  of  LiO  feet  mar.imum  v:as  observed,  in 
the  sandy  bod  of  the  Rio  Grande  during  the  spring  flood  of 
I9J4I.)     Besides  depth  of  penetration,  the  buo5r:incy  of  materi- 
al is  an  im.portant  factor  in  the  stability  of  piling,  '^yTicro 
wooden  piles  are  used,  life  of  structure  m.ay  be  increased  by 
crccsoting.     Old  railroad  rails  of  proper  weight  and  length 
are  undoubtedly  the  most  satisfactory  typo  of  piling  for 
general  use.     They  are  i'olati"voly  cheap,  heavy,  and  long- 
lived.     Precast  concrete  piling  ranks  next  in  weight  and 
length  of  life  but  is  oosfcly.     Timber  piling,  if  driven  suf- 
ficiently deep,  will  usually  servo  the  temporary  purpose  of 
protecting  a  tree  growth  habitat  required  on  Soil  Conserva- 
tion Sarvico  projects.     The  question  as  to  whether  woven 
wire  is  placed  on  inside  or  outside  of  posts  is  controver- 
sial,   V'Jhere  deep  channel  scour  vms  expected  on  the  Rio 
Grande,  the  woven  wire  facing  was  attached  to  the  river 
side  of  piles,    V^Tiere  the  w^oven  wire  facing  came  in  contact 
with  the  stream  bed,  it  was  extended  horizontally  on  the 
stream  bod  for  a  distance  equal  to  the  anticipated  depth  of 

t  the  extreme  edge  of  the  y/ire  concrete  weights 
were  attachied  at  intervals  to  settle  the  v/ire  into  a  verti- 
cal position  during  scouring  stream  flows,    A  considerable 
■  strengthening  of  this  type,  of  vrork  may  be  obtained  by  fas- 
tening the  top  of  each  pile  to  a  horizontal  cable,  Vfaere 
this  line  of  pile  revetment  is  placed  directly  against  a 
bank,  a  continuous  v/all  of  brush  laid  lengthwise  v^ill  in- 
crease resistance  to  bank  erosion, 

f )  A  modification  of  type  (d)  is  t^/zo  ravrs  of  piles  with  a 

sausage  of  loose  rock  bct\vcon  them,.    This  is  an  oxpcnsivo  ■ 
typo  of  construction,  ranging  from  $3  up  per  lineal  foot, 
that,  has  boon  used  extensively  in  Region  6,.   It  is  almost 

■   impervious  in  nature,    ..Its  essential  advantage  over  chcap- 
.e.r  imipervious  tj^pes  is,  the  positive  protection  to  valuable 

.   property,  such  as  improvements  and  urban  developments,  or  to 
locations  where  subsequent  vegetative  protection  is  not 

..  practical.     Good  design  should  provide  for  perietra.tion  of 
pile,  to  at  least  length  below  anticipated  depth  of  scour, 

A  trench  to  at  least  l/2, preferably  more, of.  scAur  depth  should 
be  m.ade  between  the  tv;o  rovis  as  foundation  f. or  vroven  vrire 
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basket  of  rocks.     The  vdre  envelope  need  not  cover  top  of 
loose  rock  wall  if  no  settlement  is  expected.     If  settle- 
ment occurs,  a  Yfoven  wire  covering  pl-Aced  during  construc- 
tion may  subsequentljr  be  raised  vertically  and  attached  to 
the  projecting  piling,  and  the  basliet  refilled  to  the  top 
of  the  wire.     This  tjrpe  of  structure  may  be  strengthened  by 
attaching  each  river  side  post^  at  the -top,  to  a  line  of 
heavy  cable  and  tying  the  inner  row  of  pile's  to  the  outer 
row  by  transverse  or  diagonal  ties  of  lighter  cable,  1/3- 
inch  to  1/2-inch.    IfYhen  available,   old  railroad  rails  are 
superior  to  tiirber  for  piling. 

g)  A  modification  of  type  (f)  of  cheaper  cost  (^I  to  '^2  per 
lineal  foot)  consists  of  one  row  of  piling  with  a  facing 
of  wire  mesh,  the  lower  edge  of  which  is  carried  horizon- 
tally under  a  wall  of  loose  rock.     This  type  has  been  used 
extensively  b^r  the  Kew  Mexico  Highway  Departm.ent  for  X7ing 
embankments  on  approaches  to  bridges,  and  by  the  Soil  Con- 
servation Service  near  Santa  Fe  at  the  edges  of  gravel 
washes,    "".Then  the  stream  bed  is  subject  to  very  little  scour, 
hand -dug  holes  may  suffice,  and  posts  instead  of  piling  may 
be  used.     In  this  case,  posts  should  be  placed  on  an  upward, 
bankward  ;slope  of  l/i4:l  and  the  rock  placed  behind  them  in 
contact  v^ith  the  wire  m.esh  which  is  attached  on-  the  bank  side 
of  the  posts.     The  back  face  of  the  rock  should  be  vertical. 
Against  ..this  back  face  of  rock  will  be  placed  an  earth  fill 
connection  with  existing  bank  or  mth  an  earth  dyke  where  no 
bank  exists.     The  stability,  of  this  type  of  v/ork  will  depend 
largely  upon  'idopted  depth  of  foundation  for  rock  xrB.ll  as 
compared  to  flood  scour  depth. 

h)  A  common  type  of  structural  v.rork  for  bank  building  and  bank 
protection  consists  of  a  series  of  floating  or  semi-floating 
obstructions  held  in  location  by  one  or  more  lines  of  cable. 
Many  solid  goometric  figures  are  adaptable  for  this  purpose, 
somo  of  ?jhich  have  been  patented.     The  of  ficiency  of -'any 
such  obstruction  m.a^'-  be  measured  by  its  over-^all  area  and 
uniformity  of  size  and  spacing  of  open  spaces  or  interstices. 
They  are  adaptable  for  use  on  cither  established  banks  or 
for  new  channel  edge  alignment.     The-  Soil  Conservation  Serv- 
ice has  made'  Installations  of  the  tetrahedron  form  con* 
structod  of  old  railroad  rail.     To  increase  the  area  of 
resistance  over  i;hat -afforded  by. the  six  members,  vrire  in 
both  single  lines  and  m.Gsh  has  been  attached  to  the  several 
members  as  a  surface  envelope.     Further  efficiency  may  be 
secured  b5r.  placing  a  continuous  line  of  v.-i re  mesh' from,  one 

.tetrahedron  to  another,     Totrahodrons  mado  of  old  railroad 
rails  will  settle  to  nearly  tho  depth  of  maximum  scour.  The 
amount  of  settlement  may  be  reduced  by  a  base  support;  the 
more  impervious  this  is,  the  less  will  be  the  settlement, 
,  Instances  have  been  observed  ,Y;hjrc  trees  v: ore  planted  -vvithin 
the  tetrahedrons  and  thereby  created  a  foundation  which 
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reduced  settleniSnt.     The  'jdopt.^d  design  sir.a  of  tetrahe- 
drons viTill  be  determined  by  th3  probable  settlon.ent  and 
desired  height  of  bank  deposit.    Deposition  occurs  to  a 
level  slightly  lovrer  than  the  top  of  pervious  structures. 

A  line  of  small  tetrahedrons  '.•.■ill  form  an  excellont  to;.~of- 
bank  stabilization.     Since  a  lino  of  trees  and  cable  trill 
serve  about  as  \"oll,  however,  and,  v.t.ere  pc^isturo  is  pres- 
ent, have  almost  equal  life,   the  selection  of  this  typo 
should  be  very  infreauent.    A  tetrahedron  lini^  is  '•ell 
adapted  to  use  for  03tablis?fnent  of •  nev'  cVxh'igI  edre  v:hc'-i 
raateri?.!  or  equipment  for  other  typ^s  of  .'ork  n  c  not  o.veil- 
ablo.     Proper  allov/ance  for  cable  and  f.^clicr'-ire  3tren,;th  is 
essential,    #hero  d..-;gr'"ie  of  seti;lon-  nt  is  u^r.certain,  sec- 
ondary protection  against  high  velocities  in  "the  chcnr:''! 
strip  bet-i'/oen  structural  line. and  olc'  bank  .is  imp-ortant. 
The  tetrahedron  desifn  is  cui+able  to  any  fivailnble  r^-^. terial 
of  sufficient  strength,  such  as  old  car  fj^nuies,.  or  ti'p.ber. 
A  floating  timber  structure  has  the  acvan:';ago  o.f  greater 
buoyancy,  and  consequently  less  s ottlonenb,  thoi;fh  sliorter 
life. 

One  of  the  simplest,  rr.o':t  \'dd:";ly  used,  ?.vA  most  satisfi-.c- 
tory  bank  protection  practice  consists  ^f  a  facing  oi"  loose 
rock,  either  d'umped  in  place  on  a  rough  slope  or  hand-placed 
on  bank  slope  as  riprap.  Rock  dumped  in  place  is  co.rrjnonly 
used  by  most  railroads.     The  latter  meuhod  is  not  adaptable 
unless  toe  of  .slope  is  stabilized]  stability  increases  v/ith 
flc^tne.sG  of  slope,  2:1  being  favored  as  the  minimun,  VaT:ere 
loose  rock  is  dumped  in  piece  to  protect  e  isti.ag  surface, 
or  Ovstablish  a  toe.,  its  stability  vrill  increase,  vith  the 
size  of  rock.     Its  use  is  governed  by  its  availability  and 
th-at  of  equipment  to  handle  it,    A  ver,-.^  common  i.Tcd if ication 
of  this  type  of  v-rork  is  the  rook  eousago  or  mat.     Thir^  con- 
sists of  a  quantity  of  small  bculoers  encased  in  an  e';:velope 
or  cover  of    oven  v^ire.     Otr  er  t^.-'pe -z  of  s  ^ructvrc-l  aork  of 
higher  efficiency  f  nd  gref.tor  cent  "..hieh  are  o'l-.-;oratio^s 
•upon  loose  rook  riprap  are  grouted  rock  ri^^ra;:,,   s>'=k  cGi^d 
rock  or  rubble-  riprap,  saoks  of  ccnoro;;,  ),  and  concrete  .-^loae 
lining  -  both  reinforced  •.•/ith  steal  and  unreirf orced . 

A  commion,  satisfactory  type  of  installation  npt  us  -id  ...'/■ton- 
sively  by  the  Soil  Conservetion  Service  in  this  kcgion  is 
crib  '.vcrk  used  as  ro'-.jtm.ent  or  jetty.     Timber,   eroeast  con- 
crete' or  steel  constitute  the  cncom.pai3in.:; '  vaJ-ls  of  de- 
pository for  loose  rock,*   ".'h':n  ueed  to  protect    n  e:xi,:!:inr 
bank  or  act  as  a  retaining;.;  ■'.■;<?.].  I,  one  face  is  used  --ribh. 
"transverse  memibers  e::tendir..g  into  bank  for  u:';chorage .  This 
type  of  construction  i  :^  also  adapted  to  nee  in  e}:aliev; 
ch.pnnele  as  intermediate  anchors  for  c-ble  ra-y'.  tr:,v  ?i:'.es. 
When  s-o  uscd^  diagonal  cnoirclang  ties  o."  oa-ble  .are  ess r'^n- 
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tial  to  hold  the  crib  together  under  ccnditions  of  un- 
equal settlement.     This  use  as  anchors  has  been  made  by 
the  Soil  Conservation  Service  in  the  Eastern  Utah  Area, 

A  very  common  type  of  bank  stabilization  is  the  spur  jcttj''. 
This  type  is  distinctive  in  its  shape  and  location  rather 
than  in  its  mr.nner  of  construction,  and  may  bo  constructed 
after  the  manner  of  any  of  the  above  mentioned  types.  In 
application^  a  spur  jetty  extends  into  the  channel  from,  the 
bank  edge  where  it  must  be  securely  tied  against  bank-cutting. 
In  theory  the  channel  end  of  the  spur  acts  as  a  point  in  a 
new  alignment.    Many  shapes  of  jetties,  and  varied  direction- 
al forms  of  face  in  relation  to  direction  of  channel  current, 
have  been  employed.     Those  vath  an  upstream  face  curved  hori- 
zontally with  the  direction  of  current  possess  the  soundest 
design,     (See  exhibit,  Orman  -  Fig.  8.)     The  principal  func- 
tion of  a  jotty  is  to  deflect  current  to  an  adopted  channel 
lino  J  thi  sccondarj'-  or  incidental  fiAnctipn  is  the  creation 
of.  a  quiescent  pool  behind  the  jetty  if  it  is  an  impervious 
jetty,  or  an  area  of  reduced  velocity  if  a  pervious  jetty, 
thorcbj^  creating  an  area  of  d::position  or  of  miniinur.  scour. 
Thus  a  habitat  for  tree  growth  and  vegetative  protection  is 
provided  tho  same  as  by  continuous  or  training  jetties,  . 
Whore  the  newly  adopted  alignment  of  channel  edge  is  quite 
long,  several  jetties,  v/ill  be  needed.    As  a  supplement  to 
spur  jotties  where  tho  alignment  is  on  a.  sharp  bend,  it  is 
recommended  that  a  light  line  of  continuous  pervious  jetty 
connecting  the  ends  of  the  spur. jetties  bo  added  to  estab- 
lish more  uniformly  the  now  line  of  bank. 

In  conjunction  with  all  continuous  jct'tiOvS  of  considerable 
length  that  are  located  at  a  distance  from  existing  bank, 
secondary  cross-jetties  are  rjocessary' to  prevent  concentra- 
tion of  current  and  make  possible  uniform  deposition.  Their 
location  should  be  cither  ,at  right  angles  to  the  jetty  line 
or  at  a  slightly  downstream  angle  to  the  chiinncl  current. 
It  is  appjsrent  that  only  the  cheapest  tj/pes  of  work  aro 
needed  and  should  be  om.ploj'-ed. 

Dykes  or  levee  designs  are  often  a  logical  and  desirable 
structure  typo  connected  with  banlc  stabilization.  Stand- 
ard specifications  used  for  dam^  of  like  size  should  bo 
employed  for  dykes  and  levees.    Protection  of  the  face  of 
dykes  and  levees  is  equally  important  as  protection  for 
the  regular  channel  banks. 

In  this  list  of  structural  types  it  has  boon  pointed  out 
that  the  lowest-cost  work  v.'hich  will  c.cconplish  the  de- 
sired results  is  essential  to  justification.     This  dees 
not  preclude  the  design  and  construction,  havovor,    cf  noro 
pcrmanervb  typo-s  ^^.f  s.trvu;'tu3r«.a--^Gn  riec-A<id^    Tnexe  would 
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include  numerous  designs  in  rubble  masonry,  concrete,  struc- 
tural steel,  and  steel  sheet  piling  in  critical  cases  of 
last  resort,   if  ever  justified, 

^ATiere  stream,  flovf  is  diverted  from  an  old  channel  to  a  new 
one,  the  diversion  structure  becomes  the  same  type  as  ivould 
be  adopted  for  any  other  location  as  o  jetty  or  revetment. 

In  connection  with  a  complete  nev/  oharanel  location,  as 
where  a  straight  alignment  is  substituted  for  one  or  more 
bends,  the  construction  operation  of  excavation  m.ay  bo 
simplified,  and  the  expense  greatly  reduced,  b5'"  the  mechani- 
cal excavation  ,of  a  channel  of  only  part  of  the  designed 
capacity  instead  of  the  full  designed  capacity.     Such  a 
channel  is  commonly  spoken  of  as  a  pilot  channel,    VvTien  its 
location  is  in  alluvium  or  loose,  redepositod  sond  and  small 
gravel,  velocities  of  flood  flovfs  through  channel  are  con- 
siderably higher  than  in  the  channel  sections  at  apnroach  or 
outlet,  because  of  the  local  increase  of  gradient  and  larger 
hydraulic  radius  that  comes  from  constriction  of  flavv  into 
a  relatively  narrow,  deep  stream.  As  a  consequence  of  this 
fact,  rapid  scour  takes  place,  both  of  banks  and  bottom,  and 
a  single  small  flood  will  often  enlarge  the  pilot  channel 
size  .to  that  of  the  designed  size.     In  this  cleaning-out 
process  the  local  increased  sediment  load  of  the  flo^'^dng 
stream  is  carried  on  through  the  full  channel  length.  A 
part  of  it  is  temporarily  deposited  in  larger-than-averago 
channel  sections  downstream  from  the  pilot  section,  on  chan- 
nel bottom  near  inside  of  bends,  and  on  channel  sections  of 
f latter-than-average  gradients.     This  natural  process  of 
channel  capacity  and  gradient  equalization  automatically'-  ad- 
justs itself  during  a  prolonged  flow  or  several  small  floods. 

As  soon  as  natural  developments  result  in  new  channel  bank 
locations  on  approximately  the  adopted  1  in  0 s  ox  c  designed 
location,  the  same  stabilization  practices  as  for  the  exist- 
ing banks  of  a  fixed  channel,  or  for  minor  bank  line  correc- 
tion, must  be  carried  out. 

Experience  has  shown  that  virhere  jetty-type  structures  of 
average  strength  are  employed  for  diversion  of  flow  to  a 
pilot  channel,  successful  enlargement  m.ay  be  expected  with 
the  adoption  for  pilot  channel  of  as  little  as  20  to  25 
percent  of  the  normal  channel.     Smaller  sizes  have  been 
successfully  used  under  lucky  conditions  of  flow,  as  for 
example,  the  occurrence  of  early  sm.all  flov^'-  increases  be- 
fore the  occurrence  of  large  onesj  also,  where  the  diver- 
sion structures  vj-ere  sufficiently  strong  and  the  flood  plain 
and  out-of -channel  conditions  wore  suitable  for  standing  up 
under  the  more  destructive  flow  increases  for  the  longer  tim.e 
interval  needed  to  enlarge  the  pilot  capacity.     On  the  other 
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hand,  there  have  been  several  axarnples  of  failures  or 
serious  damage  to  property  in  the  early  work  carried  out 
by  the  Soil  Conservation  Service  due  to  not  providing 
pilot  channels  of  sufficient  size,  depth,  or  gradient,  or 
entrance  mouth, 

A  well-designed  pilot  channel  should  provide  a  large  toll- 
shaped  entrance.     It  is  recommended  that  the  entrance 
width. bo  tv/o  to  throe  times  that  of  the  rest  of  the  pilot 
channel  cross-section  and  the  d-;pth  be  lyO  to -200  pcrc.:nt 
of  the  rest.     The  length  should  be  at  least  equal  to  the 
entrance  -vadth,  preferably  longer.     In  alignment,  a  pilot 
channel  section  should  bo  straight  and  its  location  should 
be  at  the -center  lino  of  the  designed  plan. 

Since  a  pilot  channel  job  is  a  pr.rt  of  a  plan  to  improve  a 
channel  alignment,  it  is  assumed  that  the  angle  of  curva- 
ture of  channel  at  entrance  and  outlet  -\,vill  conform  to 
standards  of  moderate  curvature.     The  structure  that  crosses 
an  existing  channel  to  lead  the  stream  flcy^  into  a'  now  align- 
ment acts  first  as  a  -diversion  dani.    After  deposition'  has 
filled  the  abandoned  old  section  with  sedim.ent,  the  .  location 
of  the  old  channel  becomes  a  flood  plain  and  the  diversion 
dam  becomes  a  revetment,  or  continuous  jetty,  forming  the 
edge  of  the  now  channel.     It  is  evident,  there fbrc,  that  the 
alignment  of  the  diversion  dam  shall  conform  to  the  same 
standards  of  alignment  as  adopted  for  astablishmcnt  of  any 
other  .stretch  of  channel  edge. 

It  hardly  need  be  mentioned  that  in  the  actual  construction 
operation  of-  ogv/  channel  formation,  the  first  step  to  be 
taken  is  that  of  clearing  the  r ight-of-vf£iy  of  all  trees, 
brush,  and  large  debris.     There  are  cases  in  Soil  Conserva- 
tion Service  experience  where  failure  to  do  this  caused  the 
deflection  of  the  channel  into  an  undesirable  course,  there- 
by damaging  property  v:hich  the  work  was  plannod -..to  protect. 

p)  Improvement  of  the  flood  plain  has  been  mentioned  as  a  prob- 
lem of  flood  protoction  that  is  closely  associated  with  bank 
protection.     The  flood  plain  is  called  upon  periodically  to 
carry  the  surplus  of  flood  flows  which  the  channel  cannot 
carry.     It  is  apparent  that  the  more  uniform,  the  topography 
and  cover  on  the  flood  plain,  the  more  uniform,  will  be  the 
velocity  and  the  loss  the  danger  from,  scour.     In  the  manage- 
ment of  flood  plain  lands  this  factor  should  bo  considered. 
Economic  factors  as  vrcll  as  phj'^sical  factors  v^ill  doterr.inc 
the  land  use.     Cultivated  lends  arc  usuall5r  quite  unifonr. 
but  are  subject  to  scour  due  to  their  lack  of  pcrm.anont 
cover.     Dykes,   levees,  and  barrier  hedge  plantings  may  be 
needed  to  prevent  scour.    Grass  m^akos  a  very  desirable  crop 
on  land  subject  to-flooding  vrhorc  grov/th  conditions  are  such 
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that  a  uniform  thick  rrov/th 'or  sod  can  bo  maintained. 
V'/here  such  conditions  exist  the  land  vill  usually  be 
used  for  grazing.     Occasionally  on  flood  plains  where 
adjoining  channel  banks  are  of  moderate  height,  or  v;hero 
adjacent  valley  bottoms  are  irrigated,  the  ground  water 
table  is  close  enough  to  the  surface  of  the  flood  plain  . 
to  produce  a  fine  dense  grass  mat.    Normally,  however,  . 
irrigation  of  the  pasture  v^rill  be  required  if  a  satisfac- 
tory grass  stand  is  to  be  secured. 

Some  areas  are'  suitable  for  pasture  but  need  leveling  so 
that  they  can  be  irrigated, ■  They  may  be  leveled  with 
equipment,    A  practical  expedient  to  obtain  the  benefits 
of  leveling  at  a  relatively  small  cost  is  found  in  a  proc- 
ess  of  natural  leveling  by  sedimentation.     This  em.ploys 
the  use  of  lev/,  transverse,   level,  broad  base  terraces 
placed  at  frequent  intervals  throughout  the  length  of  the 
flood  plain,  or  by  substituting,  v/horc  incipient  channels 
exist,  the  use  of  continuous  linos  of  low  rock  or  brush 
torraco  percolators  or  a  combination  of  them.     The  devel- 
opment of  this  practice,  as  modified  by  inclusion  of 
occasional  large  transverse  interception  dikes,  is  pre- 
sented in  the  brief  entitled  "Flood  Protection  in  Narrow 
Valleys"  by  William.  B,  V/roth,  Soil  Conservation  Service, 
which  is  included  in  this  bulletin  as  an  exhibit. 

On  portions  of  the  flood  plain  which  will  not  be  used  for 
grass  pasture  and  ^vhich  is  not  too  dry  for  woody  plants, 
trees  and  shrubs  will  normally  be  found,    VJhere  a  cover  of 
this  t;^rpc  exists,  the  unevenncss  of  the  terrain  and  the  un- 
evenness  of  the  vegetation  permit  the  forniation  of  numerous 
channels  of  vc^rious  sizes,    Y^hen  flood  plain  overfloiv  takes 
place,   the  velocities  in  the  channels  that  traverse  the 
flood  plain  are  high;  consequently  these  channels  seldom, 
experience  natural  filling  v/ith  sediment,     •■"naoro  this  con- 
dition exists,  a  systematic  installation  of  ehannol  plugs 
and  planting  will  tend  to  fill  the  channels  with  sediment 
and  level  the'  flood  plain.     The  planting  and  management  of 
trees  and  shrubs  Should  aim  to  provide  a  uniform  d  mse 
growth  of  a  character  i^hich  v^ill  cause  uniform,  deposition  '  • 
during  flood  flows.     The  flood  plain  forest  may  be  a  source 
of  fuel  and  fence  posts  but  should  not  bo  used  for  grazing,  ■ 
For  best  results  the  trees  should  extend  from,  the  channel 
edge  to  the  outer  edge  of  land  subject  to  overflow  or  be 
connected  to  flood  plain  protection  designed  to  prevent 
scour  on  pasture  and  cultivated  fields, 

VEGETATIVE  ME.\SURES. 

It  has  been  pointed  out  that  in  planning  a  project  of  channel  stabi 
lization  one  of  the  chief  aims  should  bo  control  by  use  of  vegetation  wher 
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ever  possible.     The  objective  is  the  establishment  ^nc'  maintenance  of  a  pro- 
tective vegetative  cover  on  existing  banks,  or  banks  created  on  ar'opted 
alignments,  and  on  flood  plain  areas.     The  reasons  for  this  preference  are 
that  where  conditions  ,of  growth  are  suitable  the  cost  of  this  type  of  stabi- 
lization is  cheaper  than  that  by  any  other  measures  —  both  first  cost  and 
maintenance,  and  because  it  is  a  type  of  ViTork  that  can  be  carried  out  by  the 
local  people. 

Proof  of  the  success  of  vegetative  measures  is  found  throughout  the 
Region  in  stabilized  banks  and  channel  sections  where  the  only  stabilizing 
measures  consist  of  the  voluntary  growth  of  trees,  shrubs  and  grasses  along 
the  banks,    A  few  examples  exist  vv'-here  old  residents  have  established  and 
maintained  a  stable  channel  bank  over  a  long  period  by  planting  and  main- 
taining a  suitable  tree  growth.     The  Soil  Conservation  Service  has  carried 
out  a  number  of  projects  in  various  parts  of  the  Region  using  trees  and 
shrubs.    Results  of  this  work  have  not  always  been  successful  but  it  has 
demonstrated  the  suitability  of  the  m.ethod  and  provided  a  proving  ground 
that  has  demonstrated  requirements  and  limitations  of  adaptability  and  use 
that  are  of  especial  ve.lue  for  future  planning. 

In  order  to  establish  and  mintain  suitable  vegetation,  v;hether  on 
channel  banks  or  flood  plain,  a  suitable  habitat  must  exist  or  be  provided. 
This  includes  suitable     soil  and  m.oisture,  and  in  the  case  of  establishing 
new  vegetation,  protection  against  the  erosive  action  of  stream  flow. 
Structural  work,  ao-ich  as  tree  and  cable  revetment  or  other  mechanical 
measures  designed  to  correct  alignm.ent,  stop  further  cutting  and  protect  new 
plantings,  will  be  involved  in  most  cases.     This  phase  of  control  has  been 
discussed  above.     To  provide  a  suitable  soil  haoitr-.t,   str.:ambanks  m.ust  bo 
frequently  built  up  by  the  process  of  sedimentation  before  the  planting 
operation  can  be  undertaken,  thus  requiring  deleAred  planting.     This  condi- 
tion may  occur  whore  a  new  channel  aligrincnt  has  been  adopted  on  a  locrtion 
that  is  nov/  stream  bed  and  is  cither  covered  v/ith  v.-ater  or  too  wet  to  plant, 
or  it  may  occur  whero  bank  or  bod  material  is  too  gravelly  to  bo  suitable 
for  plant  grov/th. 

The  matter  of  securing  sufficient  moisture  for  the  growth  of  planting 
stock  is  often  the  most  difficult  roquirem-nt  to  satisfv.     In  the  Southwest 
moisture  conditions  ?.s  they  apply  to  rainfall,  stream  flow  and  groundvre.ter 
are  frequently  such  that  no  tree  or  shrub  grot.-th  suitable  for  bank  protec- 
tion could  bo  established. 

Several  of  the  large  channels  are  found  in  areas  of  extremely  lev/ 
rainfall.     These  channels  are  usually  traversed  by  streams  of  almost  con- 
tinuous or  frequent  flovfs  receiving  their  major  run-off  from  less  arid 
areas,    VHiere  these  channels  traverse  irrigated  areas,  the  artificial  appli- 
cation of  water  to  the  valley  alluvium  may  produce  a  fairly  high  groundwatei 
plane.    By  providing  a  suitable  channel  or  by  other  arrangements  sufficient 
moisture  can  often  be  provided,  making  the  use  of  vegetation  possible  in 
these  valleys  of  low  rainfall.     It  is  in  such  alluvial  valleys  also  '.vhoro 
some  of  the  greatest  need  for  bank  protection  exists. 
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In  making  a  plan  for  vogotative  control  the  location  or  design  of 
plantings  is  of  first  importanco,    T-Tien  this  has  boon  detcrminod  seloction 
of  spocios,   tjrpe  of  stock,  whether  cuttings  or  transplants,  and  method  of 
planting  are  determined.     In  this  determination  the  factors  of  site,  such 
as  soil  and  moisture  conditions,  character  of  stream  flov;  and  other  factors 
having  a  bearing  on  the  control  plan  arc  considered. 

In  general,  vegetative  control  ivill  consist  of  a  continuous  tree  and 
shrub  border  along  both  sides  of  the  stream  placed  to  hold  the  channel  in  a 
controlled  location  and  to  prevent  erosion  or  cutting  of  the  banlrs.    As  suc- 
cess of  protection  on  the  banks  depends  upon,  among  other  things,  the  pre- 
vention of  channel  formation  back  of  the  protected  channel  edge,  it  v/ill  be 
necessary  to  tie  in  the  stream  edge  planting  to  control  measures  ^vhero  re- 
quired on  the  flood  plain,    A  system  of  cross  jetties  and  barrier  hedges 
across  lovr  and  bare  spots  "vvill  assist  in  the  prevent  of  erosion  on  the  flood 
plain  during  flood  flows, 

Vifhile  the  various  types  of  plantings  are  all  tied  together  in  one  plan 
they  might  bo  divided  into  two  general  groups  on  the  basis  of  location  and 
purpose  as  follows: 

1,  Parallel  strips  on  each  side  of  the  stream, '  These  strips  should 
bo  along  the  stream  starting  at  lavi  water  level  along  planned  channel  edge 
and  extend  some  distance  onto  the  valley  floor  beyond  the  top  of  bank  or,  in 
the  case  of  high  valleys,  extend  up  the  bank  high  enough  to  prevent  bank 
erosion  during  floods.     The  width  of  the  vegetated  strip  along  each  bank  re- 
quired for.  adequate  protection  will  vary  according  to  the  size  of  stream  snd 
the  topography  of  the  area  through  which  the  stream  flows.    Usually  examples 
of  controlled  banks  can  be  found  which  will  indicate  what  is  required.  On 
most  streams  a  minimum  of  20  to  30  feet  of  width  is  required,  although  10 
feet  may  be  adequate  on  some  of  the  smaller  streams.     Plantings  should  be 
continuous.    Revetments  planned  for  use  with  vegetation  should  either  bo 
placed  to  leave  a  planting  site  behind  them  or  be  of  such  a  nature  that 
plantings  can  be  made  dovm  through  them.     Plantings  should  be  extended  as 
close  to  the  back  side  of  stream  edge  revetments  as  possible  to  prevent  any 
current  of  a  scouring  nature  behind  the  structure.     The  streambank  vegetation 
must  bo  effectively  tied  into  protective  measures  on  the  flood  plain  to  pre- 
vent new  channels  forming  during  floods, 

2.  Flood  plain  planting.     This  type  of  planting  is  made  to  prevent 
erosion  on  the  flood  plain  botind  the  bank  protection  proper  r.nd  also  in 
some  cases  to  cause  deposition.     For  discussion  purposes  flood  plain  plant- 
ing is  further  divided  into  barrier  hedges  and  block  or  mass  plantings. 

The  barrier  hedges  consist  of  strips  of  shrubs  and  trees  several  feet 
in  width  located  across  the  vo.lley  floor  at  approximate  right  angles  to  the 
channel  course.     These  strips  or  hedges  should  be  located  as  much  as  possible 
along  property  or  field,  boundaries.     They  are  especially  valuable  v/here  the 
valley  floor  is  of  lov;-  elevation  compared  to  the  stream  channel,  is  culti- 
vated, and  is  subject  to  flood  overflow.     Their  function  is  twofold:  to  act 
as  a  barrier  lessening  the  hazard -of  now  channel  formation  and  to  retard 
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flow,  thus  reducing  velocity  and  accalarating  deposition.     Barrier  hedge 
plantings  must  be  correlated  directly  vvith  the  farm  and  river  protoction 
plan.     Best  results  will  be  obtained  if  the  barrier  hedges  extend  from 
river  bank  or  bottom  vegetation  to  a  level  higher  than  the  expected  flood 
height. 

Mass  of  block  plantings  are  made  in  locations  vrhere  it  is  desired  to 
accelerate  deposition  and  to  develop  a  flood  plain  cover  suitable  for  pre- 
vention of  channel  formation.     '.'.Tiere  an  extensive ' m.eandering  of  the  channel 
course  has  taken  place  in  its  previous  history,  abandoned  channels  as  "■well 
as  new  secondary  channels  often  occur  v;hich  it  is  desirable  to  have  filled 
by  sedimentation  during  flood  flows  that  exceed  the  capacity  of  the  adopted 
channel.     In  connection  with  barriers  massed  plantings  of  suitable  tree  and 
shrub  species  are  especially  valuable  for  this  purposoi. 

Success  of  planting  will  depend  upon  the  techniques  employed.     To  be 
effective  vegetation  mus't  start  low  on  the  bank  because  when  located  only  on 
the  top  of  a  high  bank  and  not  on  the  bottom  and  '-sides,  the  vegetation  vrill 
not  prevent  side  cutting  as  the  bank  is  undercut  during  any  f lo*//  in  v;hich 
the  water  reaches  the  toe  of  bank. 

On  larger  streams  tree  willov/s  arc  best  to  use  as  edge  plantings  and 
also  back  against  cut  banks.     Their  root  system  is  probably  the  best  adapted 
to  resist  banl:  cutting  by  water  flov/s.     They  arc  better  able  to  withstand 
direct  stream  action  than  are  shrub  willows. where  heavy  flov.'s  arc  periodical- 
ly expected.     In  the  southern  areas  Dudley  willov/  is  the  best  tree  will ovf  to  I 
use  while  fragile  or  crack  willov/  are  best  adapted  in  the  colder  portions  of  | 
the  Region*     Top  growth  should  be  kept'  fairly  dense  by  periodical  cutting 
back  rather  than  permitting  trees  to  become  large  and  mature.     Shrub  willovf, 
while  not  as  cieep~ro.oted,  v/ill  give  good  "results  v.iiere  pressure  is  net  exces- 
sive, provided  .?  c ens e  and  continuous  gro^^h  is  maintained.     Other  trqc 
species  able  to  ivithstand  silting  m.ay  be  used  for  desilting  purooses  back  of 
the  edge  planti.-.gs»     Russian  olive  is  a  good  spepies  to  use  fior  this  purpose,- 
It  will  tolerxte  considerable  alkali  v/hich  is  often-' a  factor  in  the  Southwest 
Mass  planting  on  the  flood  plain  may  be  of  any  suitable  species  and,  in  addi- 
tion to  their  protective  function,  m.ay  produce  fuel,  'fence  post  or  other 
secondary  products.    Wildlife  conditions  may  be  improved  in  all  types  of 
planting.    Untried  species  should  be  planted  on  a  test  basis-,  and  the  use  of  ; 
larger  plantings  should  be  confined  to  places  where  conditions  are' known  to 
be  favorable  for  thoir  continued  success. 

In  barrier  hedges  lov^"-  trees  or  shrubs  are  most  suitable  such  as  Rus- 
sian olive,  vdld  plum  and,  in  the  southern  part  of  the  Region,  pomegranate. 
Any  low,  dense  growing  species  adapted  to  the  site  may  be  used.  Selection 
9f  dual  purpose  species  according  to  the  landov/ner's  wishes  are  usually 
possible.     Species  that  will  not  compete  unduly  vdth  farm  crops  should  be 
selected,    Normally,  barrier  hedge  plantings  vn.!!  have  to  be  irrigated. 
Barrier  hedges  may  bo  used  alone  or  with  brush  barriers  or  dikes  according 
to  the  needs  of  each  site.     The  diagram  on  the  following  osge  shows  some 
planting  arrangements  including  barrier  hedges. 
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Spacing  on  both  streambank  and  barrier  hedge  planting  should  be  close 'i 
enough  to  give  early  protection  as  time  is  an  important  factor  in  river  con- 
trol work.     Tree  v.dllows  having  fast  growing  qualities  may  be  planted  i|  to  6 
foot,  apirt  in  the  row  with  staggered  spacing  so  that  the  second  row  will 
block  the  openings  betv^oen  trees  of  the  first  row.    Rows  should  not  be  con-  || 
tinuous  or  of  a  nature  to  permit  flow  linos  betvj-cen  the  rov;s  in  either  direc- 
tion.    Shrub  willow  may  be  planted  as  close  as  2  to  I4  feet  apart  along  the 
stream  front  where  their  use  is  advisable.    Back  of  the  stream  edge  planting^; 
the  spacing  may  be  voider,  depending  on  moisture  conditions  and  species  used,  j 
Barrier  plantings  of  shrubs  should  bo  made  on  a  3-  to  Ij-foot  spacing,  dGpond-J, 
ing  on  the  shrub  species  used.     It  is  important  not  to  allow  gaps  which  would 
pormit  channeling, 

1 

In  planting  for  streambank  protection,  cuttings  are  usually  used. 
Use  cuttings  f rom '1  or  2-yoar  old  stock  or  larger  material  v^hcro  past  use 
has  shown  successful  results.    For  establishing  plantings  on  sites  unfavor-  11 
able  for  cuttings,  rooted  material  should  be  made  available.    Cuttings  may 
bo  plantod  vertical,  angular  or  horizontal  according  to  conditions  on  the 
planting  site.     The  base  of  vertical  and  angular  cuttings  should  roach  per- 
manent moisture,  and  therefore,  the  length  of  cutting  depends  upon  planting 
site  conditions.    If  permanent  moisture  is  available  near  the  surface,  a 
cutting  1  foot  in  length  may  be  satisfactory.     In  other  cases  a  5-  or  6-foot 
cutting  may  bo  neouod,  especially  with  tree  willov:s  whore  deep  silting  vrill 
occur  after  planting.    Willow  roots  do  not  ordinarily  grow  more  than  5  6 
feet  below  ground  surface. 

In  general,  cuttings  should  not  extend  more  than  5  or  li  inchos  above 
the  ground  unless  planted  ^vhcre  heavy  silting  is  expected.     Cuttings  of  ' 
small  diameter  should  be  planted  so  that  not  more  than  1  or  2  inches  appears 
abox''0  the  ground  surface. 

Angular  cuttings  are  used  for  planting  sloping  banks.     The  method  of 
planting  vertical  and  angular  cuttings  varies  considerably.     In  sane  places 
the  cuttings  can  be  pushed  into  the  ground  to  the  desired  depth,    Y/ith  cut- 
tings of  larger  diameter,  holes  may  be  made  v/ith  a  shovel  or  post  hole  dig- 
ger.   Under  good  soil  conditions  free  of  hard  material,  cuttings  may  be 
driven  into  the  ground,    A  pointed  crowbar  may  be  used  to  make  a  holo  into 
which  the  cutting  is  placed,    Ylhen  angular  planting  is  carried  out,  a  trench 
may  be  dug  in  vj-hich  to  place  cuttings.    In  some  cases  because  of  flood  dan- 
ger it  is  advisable  to  anchor  the  cutting  into  the  bank. 

In  horizontal  planting,  the  cuttings  are  placed  in  a  shallow  trench 
or  may  be  pressed  into  boggy  ground,  leaving  the  upper  portion  exposed. 
They  may  be  anchored  vrlth  wire  butterfly  knots.     Horizontal  planting  of  cut- 
tings has  been  used  successfully  v;here  planting  sites  are  too  v.-at  to  expect 
successful  results  from  planting  vertical  cuttings.    Most  willov^  require 
good  soil  drainage  and  v/ill  not  be  successful  in  stagnant  water.     The  use 
of  horizontal  rooted  cuttings  3  or  14  feet  in  length  is  being  tried  as  tost 
plantings.     It  is  thought  that  they  will  have  a  head  start  over  cuttings 
and  will  offer  some  immediate  mechanical  protection,    ".Then  planted,  the  tops 
may  be  cut  back  but  will  extend  above  the  ground  lino  of  the  trench  in  v.'hich 
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thoy  aro  planted  or  anchored, 

WilloviT  used  as  matting  on  sloped  banks  and  held  in  place  by  v.'ire  ties 
or  an  anchored  log  constitutes  both  a  mechanical  covering  and  a  planting  as 
those  portions  touching  the  moist  bank  take  root  and  form  a  live  willow  mat. 
Vortical  cuttings  may  also  be  planted  through  the  brush  matting  to  insure 
plenty      of  live  growth,    inhere  desirable,  v/illow  brush  may  be  placed  in 
trenches  and  partially  covered  v/ith  earth.     This  latter  treatment  is  espe- 
cially applicable  on  small  tributary  streams* 

More  experimentation  is  needed  to  determine  the  species  of  plants  most 
suitable. for  various  stream  conditions.     This  is  encouraged,  but  for  general 
application  treatments  outlined  are  based  on  results  of  control  work  done 
and  natural  controls  observed  over  the  Region, 

, On  small  drainagoways  where  flows  aro  infrequent,  grass  may  bo  used 
as  a  stabilizing  agent,  if  conditions  are  suitable  to  produce  a  good  grass 
sod  for  maintenance  of  a  grassed  swale.     This  will  apply  where  bottom  stabi- 
lization is  such  that  grass  will  not  be  undercut  and  v;here  moisture  condi- 
tions are  favorable  for  sod  formation  on  the  banks,    A  field  examination  of 
similar  sites  constitutes  the  best  guide  as  to  v/hether  or  not  grass  will 
adequately  control  the  erosion  on  a  given  channel.    Usually  on  cutting  banks 
of  any  great  consequence,  the  moisture  is  either  too  deep  or  flood  pressure 
too  heavy  for  control  by  grass,  in  v/hich  case  trees  ".nd  shrubs  are  normally 
used. 

Maintenance  constitutes  a  m.ost  important  feature  of  streambank  and 
channel  stabilization,  not  only  on  newly  treated  areas  but  on  all  sections 
of  the  stream.     This  maintenance  must  cover  both  the  vegetative  and  mechani- 
cal controls  and  also  the  open  channel., 

If  a  heavy  growth  can  be  obtained,  it  will  be  effective  if  in  a  posi- 
tion v/here  it  vdll  not  be  undercut.    Filling  in  gaps  and  replanting  to  form 
a  100  percent  stand  is  very  important  and  this  maintenance  of  the  protective 
vegetation  should  in  no  case  be  neglected.     It  should  be  emphasized  that  i  or 
2-year  old  plants  cannot  be  expected  to  withstand  excessive  flood  pressure. 
After  the  third  year  the  planting  should  bGcom.e  stronger  each  year  until  the 
planting  is  from  7  to  10  years  old  when  it  will  probably  have  reached  full 
value  as  a  protective  agent  if  it  has  had  proper  maintenance  and  protection. 

The  protootion  of  stream  bank  vegetation  from  grazing  cannot    be  too 
strongly  emphasized.    Experience  on  bank  control  projects  has  shown  that 
v/illow  planting  v\rill  not  succeed  where  stock  are  allov^ed  to  browse.  Fencing 
is  usually  required  for  protection  of  the  stream  bottom  vegetation.  Protec- 
tion of  existing  desirable  vegetation  will  lessen  the  need  for  more  costly, 
control  measures  at  a  later  date,  and  is  more  effective  than  attempting  re- 
vegetation  where  results  may  be  doubtful, 

A  changing  channel  location  constitutes  a  major  hazard  in  maintenance 
of  vegetation,  •  Where  the  stream  is  allovred  to  m.eander  from  one  side  of  a 
natural  flood  plain  to  the  other,  the  streambanlc  vegetation,  which  started 
on  one  location,  is  apt  to  die  from  lack  of  moisture  when  the  stream,  moves 
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to  a  new  location,    Experienco  indicates  that  planting  is  successful  v/hen  th 
channel  width  is  such  that  the  banks  are  moistened  frequently  by  stream  flavt 
throughout  the  year.    Prevention  of  unregulated  meandering  also  controls  the 
alignment  which  is  an  iraportant  factor  in  maintenance  of  the  stream  banks. 
Extreme  changes  in  alignm.cnt  may  subject  protective  plantings  to  excessiv<3 
damage. 

To  keep  an  open  channel  in  the  desired  location,  maintenance  will  be 
desirable  after  every  flood  to  rem.oved  lodged  debris  from,  the  channel  and  to 
maintain  effective  control  of  channel  location.    Proper  managom.ent  of  the 
stream  bottom  vegetation  will  lower  the  amount  of  debris  available  for  lodg- 
ing in  channels,    ¥iJhere  cut  banks  are  already  formed  it  may  bo  advisable  to 
cut  the  large  trees  from  a  narrow  strip  along  the  edge  to  reduce  the  hazard 
from  falling  trees  lodging  in  the  channel  and  changing  the  stream  course. 
If  not  removed,  these  trees  viri21  be  undercut  and  will  fall  in  the  stream, 
possibly  causing  damage  below  by  lodging  and  turning  the  current  against  thej 
bank.     Small  islands  in  the  stream  channel  are  a  source  of  the  same  type  of 
trouble.    Usually  trees  removed  can  be  used  to  advantage  for  mechanical  pro-]| 
tection  on  cutting  curves  and  as  an  aid  in  the  establishment  of  new  vegeta*. 
tion,  ' 


,  Repeat  pictures  and  diagrams  shaving  types  of  control  used  in  variou. 
places  within  the  Region  are  included  in  the  appendix  of  this  bulletin  as  a 
further  aid  to  stream  stabilization  planning. 
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APPENDIX 

Pictures  -  Utah  601,  6OIB,  621,  621B,  602,  602E,  602C 

The  bank  protection  work  illustrated  in  the  pictures  listed  was  the 
first  completed  work  of  this  type  on  the  Virgin  River,    Recent  costs  of  simi' 
lar  work  have  been  10  to  20  percent  lower  due  to  change  in  mterials.  It 
has  been  found  that  for  most  locations  smaller  cable  can  be  used  and  cable 
clamps  are  not  needed.    Also,  instead  of  piling  used  for  deadmen  on  this 
work,  easily  available  juniper  posts  could  have  been  used. 

In  place  of  equipment  which  was  furnished  by  the  Government,  the 
landowner  could  have  used  teams  for  motive  power  with  a  skid  pan  or  similar 
device  to  "snake"  trees  to  river  bank. 

No  cost  was  figured  for  the  largo  cottonnvood  trees  or  the  piling 
used  on  this  v/ork.     The  trees  were  furnished  by  the  landovmer.     The  Govern- 
ment furnished  the  piling  v^hich  was  cut  from  Governm.ent  land. 

Planning  reports  for  southern  Utah  counties  indicate  that  the  averai?^Q 
fRPnoy     •  works  an  average  of  only  100  days  a  year  on -his  farm.  This 
leaves  over  two-thirds  of  the  year  v/hen"  other  than  strictly  farming  v/ork 
can  be  aacomplishod.     This  spare  time  could  be  used  profitabljr  in  stream 
bank  protection  and  could  be  substituted  for  the  Government-furnished  labor, 
as  shown  above. 

This  type  of  protection  "work  lends  itself  very  favorably  to  a  pioce- 
meal  method  of  construction.     By  this  is  meant  that  the  cooperator  could 
place  one  deadma,n,  cut  and  drag  a  tree  to  the  site,  attach  the  cable  and 
that  portion  of  the  bank  vv^ould  be  completed,  as  far  as  mechanical  construc- 
tion is  concerned.    He  could  then  continue  on  to  the  next  location  and 
repeat  the  process. 

During  the  late  winter  and  earlx?-  spring,  the  landovi^ner  could  cut  and 
plant  necessary  willow  cuttings  behind  bank  protection.     Rooted  stock,  if 
desired,  could  be  obtained  at  very  low  cost  from-  the  State  Clarke-McNary 
Nursery, 

The  above  figures  and  description  indicate  that  under  ideal  circum- 
stances a  cooperator  in  this  locality  could  protect  his  riverside  fields 
with  a  small  amount  of  cash  for  cable  and  his  own  hours  of  labor.  However, 
if  a  group  of  adjoining  landov.-ners  could  do  the  v/ork  together  and  have  a 
farm  tractor  available,  the  work  could  be  done  more  efficiently,  v/ith  little 
additional  cost. 

Cost  Data  -  Protection  by  anchored  trees  and  willow  planting. 


In  the  work  illustrated  by  the  aforementioned  photographs,  the  follow- 
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ing  costs  apply,*  This  protective  v.^ork  v;as  done  as  a  cooperative  job  imde 
an  agreement  between  the  landowner  and  the  Soil  Conservation  Service, 

Mechanical  Protection  Yfork:  2700  lineal  feet  of  stream  bank 
protected  by  large  cottomvood  trees  cabled  to  doadmen  buried 
in  bank;  cabled  trees  being  spaced  30  feet  apart  with  tops 
extending  dov/nstream. 

Cost 

Cable  —  7125  ft,  1"  cable  .  $  260.88 

Cable  clamps  —  185  clamps  7^4*00 
Gasoline  —  817  gallons  ©  20^  163.140 
Large  Cottonwood  trees  (no  stumpage  charged)  0,00 
Labor  (supervisory  and  other)  —  8I4I4O  hours  2152,56 
Piling  (used  as  deadmen)        95  10  ft,  piles 

(no  stumpage  charged)  0.00 
Equipment  (tractors)        270  hours  222, U5 

Transportation  (dump  and  stake  trucks)  — 

117  hours  9.85 

Total  Government  cost  2683. 1^4 

Cost  per  lineal  foot  bank  protected  1,07 

Vegetative  Protection  Yfork:  Planting  2700  feet  stream  bank 
behind  mechanical  bank  protection  using  •.viHoi'.^  post  cuttings 
and  rooted  trees  and  shrubs. 

■Willows  (stumpage  for  2000  cuttings)  0.00 
Labor  (  supervisory  and  other )        'jUo  hours  291, Uh 

Cost  per  lineal  foot  bank  protected  0.10 

Grand  Total  Cost:  $317^.58 

Average  cost  per  lineal  foot  for  completed 

stream  bank  protection  work  1*17 


*Compiled  by  Jules  Renaud,     Southern  Utah  Area  Forester  5/9^0 
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Pictures  »♦  Utah  3h3  ^nd  5^3A 

The  following  comments*  pertain  to  tho  bank  protection  vrork  on  the 
Price  River  illustrated  in  these  pictures.     This  job  v^as  done  by  Camp  SCS-3-U 
labor  and  was  completed  in  March  1939«     Douglas  fir  piling  from  the  Price 
watershed  was  used.     The  trees  used  in  connection  with  the  piling  are  native 
Cottonwood  from  the  grove  seen  in  the  background  of  tho  pictures. 

There  is  700  linear  feet  of  bank  protection  work,  the  total  cost  of 
which  was  ^l,0^k»51 3   or  approximately  |;1.51  per  foot.     This  cost  included 
$117.00  worth  of  cable,  cable  clamps,  diesel  fuel  oil,  gasoline,  and  63 
native  Douglas  fir  piles  which  were  cut  by  the  CCC  camp  and  later  charged 
out  of  storage  at  $2.50»     The  above  cost  does  not  include  tree  planting. 

The  low  water  channel  continued  in  its  original  position  under  the 
cut  bank  until  a  flo«»d  in  September  1939.    At  that  time  a  load  of  silt  esti- 
mated at  ,30,000  cubic  yards,  was  deposited  behind  the  revetment  forcing  the 
low  water  channel  to  stay  aivaj?-  from  the  farm  lands  and  establishing  a  new 
'channel  bank.      In  this  deposited  silt  2i48i4  trees  were  planted  including 
native  tree  wlllovj  cuttings,  Russian  olive,  wild  plum.,  and  sandbar  willow. 
Those  trees  can  be  distinguished  in  the  repeat  picture  although  they  are 
partially  hidden  by  wood  growth. 

Landowners  require- some  help  in  this  type  of  treatment  as  heavy  equip- 
ment, such  as  a  caterpillar  traq-tor,'  dragline  and  pile  driver,  is  used.  Pil- 
ing is  satisfactory  v/hero  soil  conditions  allo\v  driving.    ?[oodon  piling  is 
not  usually  satisfactory  in  a  stream,  bod  consisting  of  large  bquldcrs. 

On  the  Price  River  where  an  acute  bond  v:as  made  and  a  channel  cut  was 
not  feasible  this  type  of  treatment,  has  proved  its  ability  to  hold  'when  a 
sufficient  number  of  large  trees  have  been  used  to  face  the  structures.  Tho 
trees  shown  in  those  pictures  arc  only  average  in  size,  and  if  larger  trees 
can  be  secured,  they""  should  be  used  vifithout  having  the  branches  cut  off. 


Complied  by  Blaine  C»  Morse,  District  Coriscrvationist,  Price,  Utah 
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STRKIM  BAM  PRCTECTIOF  STRUCTURES  .  ■• 

USED  ON  THE  SALT  LIKE  AREi'.* 

The  plan  of  treatment  for  both  large  and  small  streams  in  northern 
Utah  included s 

1,  Clearing  all  ohstructions  from  the  main  chanr.el, 

2,  Constructing  flexible  revetments  by  use  of  native  willow  brush  and 
Cottonwood  trees,  ■ 

3«  Sloping  the  stream  banks  where  it  is  possible, 

U»  Planting  behind  revetments  and  along  unprotected  stream  banks, 

« 

5»  Fencing  the  stream  from  grazing  livestock. 

Two  slightly  different  types  of  revetment  have  been  used  for  large 
streams.    Their  use  depended  on  the  nature  of  the  strearr:  bank  cutting  at  the 
particular  location  to.be  protected.     In  both  types,  live-mllow  brush  from 
2  to  3  feet  in  thickness  were  placod  as  a  foundation  along  the  present  or 
intended  stream  bank.     This  mat  had  a  minimum  of  1  foot  compressed  thickness 
Cottonwood  logs  16  inches  in  diameter  and  from.  12  to  16  feot  long  wore  place 
on  the  vfillov^  brush  mat  and  anchored  by  cable  tc  a  deadm.an  or  section  of 
Cottonwood  log  buried  on  the  stream  bank.     The  logs  in  the  revetment  over- 
lapped each  other  up  to,  but  not  cxcGcding,  half  their  length.     Sec  photo- 
graphs of  bank  protection  on  Gordon  Y,  Craft  and  L,  T,  Gustavoson  farms. 

Typo  A  (Soo  following  sketch) 

The  rovotmcnt  v/as  located  out  from  the  stream. cut  bank  to  allow  for 
the  development  of  a  smooth  curve  in  the  channel.     The  cottonwood- logs  for 
this  typo  T;ere  attached  to  a  7/8-  or  1-inch  master  cable  by  a  single  strand 
of  a  6-strand  cable.     Lateral  or  bracing    cables  wore  attached  tc  the  master 
cable  and  anchored  to  doadmon  back  on  the  bank. 

In  addition,  largo  cottonvirood  logs  wore  clamped  tc  the  bracing  cables 
to  cause  silting  in  back  of  the  main  rovotm.cnt  during  high  water.  This 
silted  area  was  planted  to  willov;  and  other  suitable  species. 

Type  B 

This  t5rpe  is  suitable  for  the  protection  of  stream  banks  that  are 
cutting  on  straight  stretches  of  the  channel  or  on  ncnr.al  stream  curves. 
The  mat  of  vfillows  is  placed  at  the  base  of  the  stream  bank  -.vith  the  butts 
of  the  willow  stems  in  close  contact  v;ith  the  bank  and  the  tops  pointing 


*Compiled  by  George  D,  Swains ton.  Area  Forester 

R,  0,  Dobbs,  j.ssistant  Agricultural  Engineer 
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slightly  downstroam.     If  possible,  vertical  banks  should  be  sloped  to  allovif 
a  soil  cover  for  the  butts  of  the  v/illows  in  the  revetment  and  for  a  location 
on  which  to  plant  tree  v;illov/  cuttings  or  rooted  stock.     Stream  bank  nlant- 
ings  to  bo  most  effective  should  bo  planted  near  the  base  of  the  bank  and 
sufficiently  close  to  viator  to  insure  e  stab  lis  hriiGnt,  Cottonv;'ood  logs  are 
placed  on  the  vdllov\r  mat  and  anchored  by  a  single  strand  of  cable  to  a  dead- 
man  on  the  bank.     Two  ties  are  made  for  each  log,  one  at  the  butt  end  of  the 
log  and  another  about  l/3  distance  back  from  the  butt  end. 

The  total  cost,  as  reported  for  37^40  feet  of  cable,  log  and  brush  mat 
rovetmont  on  the  L.  T,  Gustavoson  farm  on  tho  Wcbor  River,  is  ;*52,02i4.0i.|.  Of 
this  amount  .^llJL|,97  is  listed  for  materials.    Unit  cost  is  10,5^4  P'^'r  linear 
foot.     This  cost  is  exclusive  of  any  planting  or  stream  fencing. 

For  small  stroarns  several  methods,  or  rather  "variations",  of  anchor- 
ing willow  mat  rovotnonts  or  individual  leg  rovctmonts  can  bo  used  effective- 
ly.    On  straight  courses  of  eroding  channel  and  where  the  force  of  tho  stream 
is  not  too  groat  on  tho  revetment,  live-willow  brush  can  bo  placed  on  an 
angle  at  the  base  of  the  stream  bank  and  anchored  sufficiently  by  earth 
pushed  over  tho  butt  ends,     Tho  livc-willcw  mat  silts  up,  takes  root  and  soon 
becomes  firmly  anchored.     It  forms  a  dense  protective  buffer  against  stream 
cutting  action. 

On  badly  eroded  curves,  tho  vj-illow  mats  can  be  placed  and  onchorod  as 
illustrated  by  the  attached  drawings. 

On  small  streams  at  locations  whoro  stream  bank  cutting  is  not  too 
active,  one  or  two  cottonwood  logs  tied  in  close  to  tho  stream  bank  vdll  bo 
sufficient  protoction  until  plantings  are  established.     Such  locations  might 
be  fairly  low  banks,  partly  sodded  or  vegetated,  and  net  receiving  the  full 
force  of  tho  current. 


V 


I 
I 


) 
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Pictures  -  Arizona  35 15  and  35153 

Tetrahedrons  havo  bocn  used  oxtcnsivcly  cn  the  Gila  and  San  Carlos 
Rivers.    Where  they  are  used  in  front  cf  cut  barirs  to  establish  a  nevr  bank, 
some  means  cf  slowing  down  the  water  behind  the  structure  is  necessary  to 
prevent  scour.     In  the  work  shovm  in  picture  3515  legs  supplemented  by 
planting  v/erc  effective  in  controlling  the  old  channel  area.     In  the  fourth 
San  Crj-los  illustration  (opposite  Ariz.  3053)  it  v^ill  bo  noted  that  some  of 
thotcrtrohedrons  extend  higher  than  those  on  either  side.     The  high  ones  vv'orc 
anchored  on  one  corner  to  a  driven  rail  piling.     Those  not  anchored  have 
settled.     Planting  within  the  triangle  forrr.ed  by  the  totrahedrcn  also  helps 
in  preventing  settling.     The  cost  of  tetrahedron  lines  on  the  Eastern 
Arizona  Area,  based  on  actual  operations,  is  ■;3»78  per  linear  foot.  Averag 
costs  of  various  types  of  treatment  are  listed  below: 


Cost  per 
Linear  Foot* 


Rail  and  cable  tetrahedrons 
Driven  rail,  cable  and  wire  fence 
Log  and  cable  revetment  (logs  cn  site) 
Rail  and  wire,  rock-filled  jetties 
Planting  v^illoT.-  post  cuttings 


^1778 
2.00 
1.75 
6.75 
.35 


Spacing  at  1-i-  foot  intervals  may  be  used  in  addition  to  and  in  combi 
nation  with  above  types. 


* 


Compiled  by  William.  G,  Stamijaugh 
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Gordon  Y.  Croft  farm  on  Vfeber  River,  Utah. 
A  live  willcw  brush  mat  hold  in  place  by 
anchored  logs  has  been  placed  on  a  curve  to 
hold  the  bank  from  cutting.    This  work  was 
done  and  picture  taken  during  the  winter  of 
I9I4I,    Black  willow  cuttings  were  planted 
behind  revetments,    Russian  olive  was  plant- 
ed on  several  areas  behind  the  front  line  of 
willows.  The  river  bottom  was  fenced  to  keep 
out  livestock. 


Utah  68i4  -  I2-IU-39 

Leland  Bringhurst  farm.    Juniper  tree  and 
cable  bank  protection  6  months  after  work 
was  finished.    First  flood  deposited  silt 
to  a  depth  of  1  to  14  feet  behind  cabled 
Juniper  trees.    La  Verkin  Creek,  Toquer- 
ville,  Washington  Coiinty,  Utah. 


L.  T.  Gustaveson  farm.  Live  willow  brush  mat 
held  in  place  on  bank  by  anchored  log.  In- 
stalled winter  and  spring  of  19i40.  Brush  mat 
caught  considerable  silt  and  started  growth 
forming  a  living  barrier  against  stream.  Con- 
struction was  similar  to  that  shown  in  pre- 
ceding picture  taken  on  the  Gordon  Y,  Croft 
farm.  Picture  taken  summer  of  19itl. 


Utah  68i*B 

Same  location  as  shown  in  66i4. 
about  September  1,  I9I1O. 


Taken 


■ 


Utah  380A  -  7-18-38 

Brush  mat  and  willw  planting.  Vertical 
cuttings  planted  spring  of  1938.  East 
Canyon  Creek. 


Utah  380  C  -  S-i^O 

Repeat  of  380A  in 
third  growing 
season,    A  stable 
stream  edge  has 
been  established. 


Native  vegetation  west  of  San  Jose  Diver- 
sion, Gila  River,  Arizona,  Looking  up- 
stream,   A  natural,  controlled  channel 
illustrating  desirable  open  channel  width 
with  vegetation  on  both  sides.    Right  side 
of  stream  most  subject  to  cutting  and  ad- 
jacent to  irrigated  fields.    Left  side  un- 
protected from  grazing  and  in  poor  condi- 
tion.    Proper  care  and  maintenance .would 
involve  protection  from  grazing,  planting 
to  widen  vegetated  strip,  and  fill  in  gaps. 
Over-mature  trees  should  be  replaced  with 
young  growth.    Stream  is  self-cleaning  and 
will  overriow  banks  without  eroding  them. 


Dudley  willow  (Salix  gooddingii)  on  Gila 
River,  Wilson  farm,  east  of  Duncan,  Ari- 
zona, bridge.     Cultivated  fields  lie  be- 
hind this  willow  belt.    This  strip  of 
willovf  is  about  50  feet  wide  and  l/2  mile 
long.    The  willows  are  about  I4O  years  old 
and  were  planted  by  Mr.  Yfilson  along  out- 
side edge  of  curved  bank,    Mr,  Wilson,  in 
addition  to  planting,  has  applied  system- 
atic maintenance  to  keep  this  barrier  in 
perfect  condition  for  protecting  his  farm. 
The  willows  are  protected  from  stock,  A 
similar  protection  on  opposite  side  would 
give  river  a  uniform  channel  width  and 
prevent  unregulated  meandering. 


f 
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Utah  683  -  12-11,-39  ^ 

Black  willcw  cuttings  planted  behind 
cabled  tree  protection.     E.  R.  Frei 
farm  near  Santa  Clara,  Utah. 


Utah  683-B  -  5-27-1(0 

Cabled  tree'willow  planting  bank  pro- 
tection.   Deposit  of  U  feet  of  silt 
behind  cabled  trees  from  one  moderate 
flood  in  period  of  6  months.  Area 
behind  protection  planted  to  willow 
cuttings,  rooted  trees  and  shrubs, 
E,  R,  Frei,  Sr.  farm,  Santa  Clara, 
Utah. 


Utah  683-C  -  10-2-i40 

Repeat  Dicture  of  location  shov/n  in 
picture  above.    Near  end  of  first 
season. 


I 


Utah  601  -  3-1^4-59 

Individual  oottonwood  trees  anchored  back 
Into  solid  bank,  each  tree  to  an  individ- 
ual daadman.    Villovr  planted  in  silt  bar 
formad.  Virgin  River,  Antone  Neilson  farm. 


Utah  621  -  9-13-39 

Sane  site  as  Utah  6OI  and  6OIB  showing 
front  view  of  silt  deposit  in  limbs  and 
willow  growth  near  end  of  first  growing 
season.    Willow  planting  should  be  ex- 
tended to  form  wider  belt. 


Utah  60IB  -  10-12-39 

S«me  site  as  Utah  60I.    Bank  sloped  to 
build  dike  on  field  border.    Willow  now 
6  feet  high  were  planted  April  I939  in 
18  inches  of  silt  deposit  which  collect- 
ed in  tree  branches. 


Utah  62IB  -  8-140 

Same  location  as  Utah  621,  Second 
growing  season. 


Utah  602  -  3-U1-39 

Cottoxwood  tree  anchored  under  out 
bank  on  Antone  Nellson  farm.  Virgin 
River,  Southern  Utah  Area.  Cable 
fastened  to  deadman  I4O  feet  back 
from  bank. 


Utah  602B  -  10-13-59 

Willow  planted  in  April  1959  in 
silt  that  collected  soon  after 
large  oottonwood  trees  vers  cabled 
to  out  banks*    Same  location  as 
Utah  602. 


Utah  602c  -  9-I4O 


Shows  continued  grorth  of  Tegeta» 
tion  on  established  bank. 


I 


I 


Utah  5^43  -  3-3-39 


Piling,  cabla  and  tree  revetment  on  Price  River,    The  stream  formerly  fol- 
IcTffed  along  bank  to  the  right  of  present  position.    To  protect  farm  land, 
wooden  piling  was  driven  along  proposed  stream  edge  and  faoed  with  trees. 
Two  cross  Jetties  were  put  in  to  assist  in  stilling  and  desilting  water  to 
build  up  old  channel  location*    A  short  pilot  channel  was  opened  to  change 
channel  alignment  to  a  flatter  curve.    When  picture  was  taken,  the  low  wa- 
ter channel  passed  through  this  pervious  revetment  and  follcr.ved  under  the 
cut  bank  bordering  the  field  edge,    A  gravel  dyke  or  impervious  structure 
placed  at  the  head  of  cut-off  would  have  accelerated  the  new  channel  for- 
mation. 


Utah  5lj3A 

Repeat  of  Utah  5^43.  Taken  during  summer  of  I9L1O.  In  September  1939  0. 
flood  flow  deposited  an  estimated  30,000  cubic  yards  of  silt  behind 
the  revetment,  forcing  the  channel  to  the  new  designed  alignment  in 
front  of  piling  and  tree  and  cable  revetment.    In  the  spring  of  19i40 
2,14614  trees  and  cuttings  were  planted  to  form  a  long-life  barrier 
which  is  e  xpeoted  to  hold  the  channel  in  its  new  position. 


Arizona  3515  -  2-38 

San  Carlos,  Rivor,  look- 
ir.g  "^^^reair,.  Bank  pro- 
tection designed  to 
Drotect  Indian  fartr 
lands  and  to  aid  in  de- 
position on  flood  plain 
during  flood.  Side  wash 
coires  in  at  right  cor- 
ner of  picture;  San 
Carlos  Rivor  from  left. 
Stub  jetty  on  left  de- 
signed to  take  pressure 
off  main  structure  whore 
river  strikes  on  curve, 
Fonr.er  strean  edge  vis- 
ible behind  wire-faced 
tetrahedron  line.  Logs 
across  old  channel 
placed  to  cause  derosit. 
Horizontal  and  vertical 
cuttings  planted  along 
these  barriers  are  vis- 
ible in  picture;  also 
rcv's  of  willcvf  plarted 
parallel  to  structure. 


San  Carlos  River 

This  picture,  a  repeat  of  3515»  taken  in  early 
spring  of  19^41  shov.-s  the  area  between  the  stub 
jetty  (just  off  left  edge  of  picture)  silted 
full  and  the  planting  on  the  established  chan- 
nel edge  vigorously  growing.     Two  flood  flows 
in  the  spring  of  19i4l  deposited  from  2  to  6 
feet  of  silt  in  the  flood  plain  area  behind  the 
protected  stream  edge.    The  larger  flow  was 
estimated  at  about  35*^00  second  feet. 


San  Carlos  River  -  1-15-141 


This  picture  taken  at  a  different  angle  frcan 
river  side  to  show  deposit  on  the  stub  line 
shown  in  picture  3515*    Debris  has  lodged  on 
the  stub  jetty  and  silt  has  been  deposited  be- 
tween the  stub  jetty  and  the  main  tetrahedron 
line  level  with  the  top  of  the  structure,  Kost 
of  this  deposit  occurred  during  the  first  or 
smaller  flood  in  January  19ijl«      The  line  of 
willow  behind  the  main  structure  can  be  seen 
extending  from  the  right  center  of  picture  to 
the  left  center. 


San  Carlos  River  -  9-^41 


Arizona  3055  -  8-37 


Structure  and  planting  made  in  1938.  Front 
of  planting  washed  out  due  to  current  ac- 
tion behind  structure  during  flood.  Should 
be  replaced  as  maintenance  measure. 


Marshall  Farm 
cutting  into 
bank  had  deve 
streuids  of  ca 
bed  under  the 
wired  branche 
upstream  to  e 
type  of  prote 
tie  curve  whe 
tings  were  pli 


,  Pima,  Arizona.  The  Gila  River  was 
irrigated  farm  land,  A  vertical 
loped.    Mr,  Marshall  strung  two 
ble  on  pipe  driven  into  the  river 
vertical  bank.  To  this  cable  were 
s  of  native  trees  with  tops  angled 
ncourage  silt  deposition.  This 
ction  v/orked  very  well  on  the  gen- 
re it  was  used.    The  willow  cut- 
anted  in  March  1937. 


San  Carlos  River  -  9-I4I 

Three  year  old  plants  partially  washed  out 
by  flood.    Note  exposed  roots.    Space  be- 
tween rovrs  should  be  broken  up  by  staggered 
planting  to  prevent  development  of  swift 
current  between  rows. 


Arizona  ^3U  -  8-5-37 

Marshall  Farm,  Pima,  Arizona,    This  is  a  more 
distant  view  of  the  Marshall  bank  protection 
shown  in  pioture  3053.    Taken  during  low-water 
period , 
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EIIGINEERING  j  iACTICES  -  viTORK  PLAKS 
Flood  Protection  in.  Narrow  Valleys 

The  flooas  of  September  1941  in  the  Southern  New  Mexico  Area  have 
shown  surprising  effects  of  terraces. and  cross  dikes  in  their  protection 
of  land  subjected  to  flooding  to  depths  of  two  feet  to  four  feet.     In  the 
numerous  cases  of  terraced  fields  observed,  no  gullying  occurred;  erosion 
v/as  limited  to  occasional  v^ashinr  in  the  lovj-er  sides  of  the  terrac-s  slopes j 
the  stream  retumf;d  to  its  former  channel;  and  the  silting,  in  tho  terraces 
consisted  of  fine,  loam  ana  soil.     Those  conditions  were  in  decided  contrfvst 
to  the  formation  of  gullies,  and  oven  now  stream  channels,  and  th3  deposits 
of  gravel  and  roclcs  over  large  areas  of  the  flooded  fijlds  that  \-h.vj  not 
terraced.     These  results  arc  th^  basis  of  the  follo-.ving  plan  of  flood  pro- 
tection for  narrow  vallv;ys,  which  will  furnish  adequate  prot.ction  at  reason- 
able costs,  .and  which  "an  b..  done  by  the  landcAOi^rs  with  eouipm-nt  usually 
available  and  v/ithout  undvj.G  proportion  of  matv. rial  cost. 

•  The  system  is  plann:.d  primarily  to  protect  the  cultiv.xted  lands, 
both  irrigat>-d  and  non-ir i  i rat -d,  in  r-latively  narrow  valleys,  adjacent 
to  permfinent  or  ,int.;rmittent  str.am  cb~nnels  in  lYhich  the  frequent  flash 
run-off s  arc  often  of  flood  proportions.     The  areas  in  the  valley  floors 
suitable  for  cultivation  are  narrov;,  and  tlie  construction  of  a  channel, 
with  the  necessary  dikes,  sufficient  to  carry  the  flovfs  of  even  '6  -  '5  yv:-ar 
frequency,  v/ould  -require  an  -■rcessivo  portion  of  tht.  vall-.y  width  v/ithout 
furnishing  prot'.:ction  a.eainst  the  gr-at.>r  flovirs. 

The  system  consiets  of  thre(.  essential  parts  - 

1.  Charmel  improvement  or  construction  to  capacity  sufficient  to 
handle  the  peak  run-off e  of  the  uv;;rage  ywur.     Those  cVianiiuls 
should  not  hav-.:  aid.,  dikes  parallel,  or  adjacent,  to  the  chan- 
nel.    The  channel  itself  to  be  kept  clear  of  all  vegetation 
except  grass  and  sod. 

2.  Relatively  largo  dikes  across   tlie  valley  floor,  sufficiently 
high  not  to  be  overtopped  by  the  3-5  year  freouency  floods. 
These  dikes  should  be  plo.ntod  to  p^rman^nt  vegC:tation,  and 
can  probably  bu  located  on  the  property  lines. 

3.  All  fields  to  be  -terraced  or  bordered  with  intermediate  cross 
dikes  or  1-ow  terrace  borders,  located  as  clocely  as  possible 
at  right  angles  to  the  stream.  ch:-nncl.     Any  terr-ace  or  oth.:r 
borders  approximately  p^,  rallel  to  stream  channel  to  be  lovrer 
than  borders  at  ri.rht  angles  to  the  channel. 

The  attached  sketch  map  sh.ovfs      lo.yout  of  th.:-  sysiem  for  e  valley 
in  which  the  stream  channel  meanders  from  one  side  to  the  other  -  a  gen- 
oral  condition  -  and  in  whicl:  irrigation  ditches     re  div;;rt.;d  at  the  points 
where  the  channel  is  at,  or  close  to,  the  side  of  th^-  vall..y,  r'.s  is  fre- 
quently the  case.     Typical  sections  -:vre  also  shovm. 

1.     CHAI'^TEL .     The  stream  oharUiel'  section  shou.ld  be  suffici-.-nt  to 
carry  the  peak  run-off  of  the  average  year,  vfith  the  maximum  v/atcr  level 
at,  or  slightly  belovr,  the  adjacent  land  level,     .-^Ticre  charmel  grades  ab- 
solutely prevent  tliis  condition,  the  channel  aike ,  or  c.ikcs,   should  not 
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be  cr^rried  more  than  0.5  feet  above  the  probable  water  surface,  and  will  serve 
as  soil  saving  dikes  to  raise  the  field  level;  any  such  channel  dikes  should 
never  be  more  than  2,0  feet  maxiraum  above  the  field  lex'-el,    IVhile  such  dikes  af- 
ford some  protection,  those  are  frequently  the  cause  of  greater  damage  in  pre- 
venting the  return  of  flood  ivater  to  the  normal  channel,  creation  of  nevif  chan- 
nels and  gullies,  and  damage  to  crops  from  ponded  water.     The  stream  charjiel  it- 
self m.ust  be  kept  clear  from  all  vegetation  -  trees,  shrubs  or  high  woeds  that 
obstruct  the  flow.     Lines  of  trees  and  heavy  shrubs,  along  the  bcxiks,  parallel 
to  the  channel  will  catch  debris  and  act  as  dikes  preventing  the  return  of  flood 
wator  to  the  channel  section,  and  are  frequently  the  cause  of  the  formation  of 
now  charjiGls*     Lew  shrubs  and  heavy  grasses,  it  is  believed,  are  preferable  for 
protection  of  the  channel  banks  of  the  Fcnasco  River  which  has  boon  the  basis 
of  this  study. 

It  is  probable  that  channel  grade  stabilization  structures  (in  addition 
to  the  control  of  any  irrigation  ditch  diversions)  may  be  needed.    The  need  for, 
and  location  of  such  sn-uctures  v/ill  bo  governed  by  particular  conditions,  but 
it  is  recommiondcd  that  such  structures  be,  Iccatcd  in  line  with  the  larger  cross 
dikes,  or  that  such  a  dike  bo  built  opposite  tho  grade  control  structure, 

2,  DIKES.     The  location  of  the  larger    cross  dikes  across  the  valley 
floor  will  depend  upon  the  grade  and  depth  of  the  stream  channel,  the  slope  of 
the  land,  and  the  v;-idth  of  the  valley  floor,    A  maximum  spacing  of  1,000  feet 
for  the  average  valley  slopes  and  less  for  the  steeper  slopes  is  suggested;  a 
dike  should  be  placed  i.t  each  point  where  there  is  a  definite  and  considerable 
increase  of  land  sJope«    VJhen  there  are  dikes,  on  both  sides  of  the  stream:  chan- 
nel, the  channel  ends  should  be  directly  opposite  each  other,  and  the  dikes 
located  in  the  s'-me  gep.eral  line.     The  height  of  these  dikes  at  the  strerjr.  chan- 
nel is  dependent  or\  t;io  channel  grade,  the  spacing  between  dikes,  and  the  slopes 
of  the  land  abovo,  b  o'ji-i  parallel  to  the  line  of  channel  and  across  the  valley 
floor.     The  top  A'  bhe  like  must  be  level,    I.'laximuri  heights  of  U  feet  to  6  feet 
are  suggested-    IvI'. n ■  r.-M.r'.  +  op  v.-idth  of  14  feet;  upstream  slope  of  2:1  and  down- 
stream slope  of  j-1  J..:-  -suggested.     Tho  flatter  downstream  slope  is  used  for  pro- 
tection in  tho  0 :ca ■ri.oi.ir.I  cases  of  overpour;  tho  dikes  should  bo  planted  to 
permanent  vcgotauion a:id  linos  of  trees  below  and/or  above  if  desired.  Trees 
and  fences  shoulc.  r.c;  re  placed  on  tho  tops  of  the  dikes,     Tho  ends  of  these 
dikes  may  require  riprapping^     The  tops  of  all  dikes  m.ust  bo  level,  and  the 
dikes  m.ust  be  continucut)  from,  channel  end  to  hillside,  and  without  openings.  In 
irrigated  areas^  it  v;ill  bb  necessary  for  ditches  to  pass  through  som.c  of  the 
dikes.     This  should  be  done  in  culverts  or  D  oxe  s •  of  such  size  that  their  full 
capacity  is  the  normal  am.ount  of  irrigation  water.    Backfill  of  such  structures 
should  be  thoroughly  and  carefully  tamped  to  prevent  breaks  in  the  dikes  during 
floods,  and  concentrations  of  flow'dovm  tho  vallej'- through  the  ditch  channels, 

3,  TERRA. CBS  AND  B ORDERS.     Interm.ediate  terrace  b:-rders  or  sr:allor  cross 
dikes  across  the  valley  floor  should  be  placed  at  intervals  of  not  over  300 
feet  (preferably  less)  depending  on  land  slopes  and  field  arrangem.ent,  Vfhen 
borders  more  or  less  parallel  to  the  streajr.  channel  m.ust  be  used  for  land  man- 
agement, these  should  be  lower  than  the  borders  or  cross  dikes  at  right  angles 
to  the  stream  channel.     These  terraces  or  borders  m.ay  Ir.ve  sections  similar  to 
broad  base  terraces  so  that  'their  surfaces  can  bo  included  in  cultivation,  or. 
may  be  ridges  for  irrigation  borders.    Maximum,  heights  of  3  feet  for  intarmiO- 
diate  cross  dikes  and  '^8  inches  for  terrace  borders  parallel  to  the  stream  chan- 
nel are  suggested.    The  tops  of  all  these  borders  or  s.mall  cross  dikes  m.ust  be 
level. 
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Yihen  cross  dikes,  or  interrnediate  borders  are  used  as  soil  saving 
dikes,  and  it  is  necessary  to  drain  surplus  ponded  v^ater,  the  drains  should 
be  closed  boxes  or  conduits,  not  open  cuts  or  ditches,  and  should  be  rela- 
tively small  (not  over  12  inches  square  in  the  major  cross  dikes)  and  back- 
fill must  be  thoroughly  tamped, 

^*     I'RRIGATIOT'!  DITCHES.     Ditch  headings  should  be  located  at  end  of 
one  of  the  larger  cross  dikes  when  possible;  these  dikes  v;ill  be  on  locations 
required  by  land  slopes,  field  arrangement  and  topographical  conditions;  if 
the  ditch  diversion  cannot  be  so  located,   or  if  the  location  of  the  near-jst 
dike  cannot  be  changed,  an  extra  cross  dike  should  be  built.     Because  of  the 
stream  channel  grade  control  from  the  sill  of  the  diversion  structure,  those 
dikes  at  or  opposite  ditch  headings  may  need  to  bo  1  foot  or  2  f.-.ot  hifhcr 
than  the  other  cross  dikes  in  the  system.     Ditch  outlets  should  laado 
through  closed  boxes  or  conduits,   limited  to  the  size  needed,  for  the  normal 
irrigation  flow  to  prevent  flood  flor:s  scouring  the  ditch  channel. 


The  performance  of  the  complete  system  can  b-:-  prodicatod  for  the  three 
general  typos  of  flooa  conditions, 

A.  The  average  seasonal  run-off s  will  be  carried  b\'  the  stroam  chan- 
nel, with  the  cross  dikes  at  the  ditch  hoading.s  confining  th.?  flovr  to  the 
channel  and  preventing  the  higher  T;ater  level  above  the  controll'jd  grade  at 
the  diversion  heading  sill  from  flowing  across  the  fields;  end  'vith  the;  con- 
trolled ditch  outlets  preventing  excess  flows  in  tho  ditches, 

B.  The  occasional  (3-5  year  frequency)  run-offs  "'ill  exceed  the 
normal  channel,  and  flood  parts  of  fields  and  arcc-.s  bot^./ccn  the  largo  cross 
dikes,  but  v^ill  bo  confined  beti.'Ocn  those  dikes  ".nd  the  flov:  down  the  valley 
limited  to  the  channel  opening  at  the  ends  of  "cho  dikes:  velocity  of  flow 
down  the  valley  on  the  fields  v.'lll  be  reduced  and  scouring  of  fields  botveen 
the  larger  cross  dikes  v/ill  be  prevented  by  the  small  cross  dikes  and  "terrace 
borders.  As  the  depth  of  flood  decreases,  the  flooded  areas  will  cr=\in  lat- 
erally to  the  chemnel,  probably  \7ithout  any  extended  periods  of  inundation 

of  crops  due  to  the  "flash"  characteristics  of  th-.  se  floods.     Silt  deposits 
on  fields  '.vill  be  fine  silt  and  loam,  with  the  I'.eavier  dam.aging  gravel  and 
rocks  confined  to  the  channel, 

C.  Excessive  floods  m.ay  overtop  all  the  cross,  dikes  and  all  areas 
between  them.,  but  the  level  tops  v.dll  prevent  concentrations  of  flows  and  the 
dikes  vfill  reduce  velocity  so  that  there  will  be  little,   if  any,  erosion  or 
soil  loss  of  the  protected  areas.     Increased  velocities  of  current  due  to 
greater  depth  of  water  o.nd  free  flovr  conditions  in  the  chan-'o-l  v-dll  probably 
cause  scouring  and  enlarge  or  maintain  the  channel  section. 

The  condition  of  terraced  fields  in  the  recent  floods  has  ^shov.-n  that 
ordinary  earth  field  terraces  with  heights  of  16  inches  to  h.  foot  above  the 
land  level  on  the  IcTC-r  side,  can  vvithstand  flood  overpours  of  2  to  h  foot 
and  subsequent  small  drainage  flows  of  2  to  3  weeks  duration,  without  damage 
other  than  incidental  cutting  on  the  d  ov.T.strear.  side  of  the  terrace. 


For  all  run-offs  flooding  tho  cultivated  Iz.ncis,  the  cross  dilros  and 
intormcdiatc  dikes  vill  act  as  soil  saving  dilrjs,  causing  fine  silt  snd  loam 
deposits  in  tho  areas  ■bot^vcon  then;  due  to  roducod  flov^  velocities,  except 
in  the  channel,  deposits  of  damaging  gravels  and  rocks  will  be  in,  or  close 
to,  the  normal  channel.     The  deposit  of  silt  and  soil  will  raise  thj  general 
land  level  (more  rapidly  in  the  areas  more  fraqucntly  flooded)  and,  as  the 
land  level  rises,  tho  cross  dikes,  intermediate  terraces  and  borders  should 
also  be  rr.isod  to  the  necessary  heights  above  i:he  now  land  level.     The  inter- 
mediate terraces  and  borders  can,  and  v.-ill  probably,'  be  raised  by,  ard  dur- 
ing, farming  operations;  the  larger  cross  dik:s  should  be  raised  before  the 
next  flood  sec  son. 

There  will  undoubtedly  be  another  valuable  result  of  this  treat.-n:nt 
in  the  reduction  of  the  flood  peak  in  all  flov/s  v;hich.  exceed  the  rorr.al  chan- 
nel, due  to  the  detention  effect  of  the  cross  cik-:s.     In  a  valley  of  vrhich 
approximately  tliree  quarters  of  a  r.\±lo  has  beon  treated  vrith  cross  terraces 
the  flood  peaks  and  flov/s  from  a  side  arroyo  have  been  dissipated  and  ro- 
ducod to  amounts  v«rhich  have  not  caused  any  damage  belovj-  the  treated  area. 
The  value  of  such  reduction  of  peal:  flov;s  -/ill  probably  be  grcat:;st  in  the 
intermediate  flood  flows,   in  the  reduction  of  crop  damages. 

The  results  after  a  period  of  yo  rs  v;ill  be  a  gradual  r  .ising-  and 
levelling  of  the  cultix'atod  lands,  'vith  an  adequate  normal  strocim  channel  be- 
low the  adjoining  Irjid  level,  elirrdnating  any  neod  for  channel  dikes  and  per- 
mitting free  and  quick  drainage  of  flood  T.rator,  • 

The  system  Vv'-ill  require  maintenance,  but  th:  greater  part  ^^'ill  be  in 
connection  v/ith  regular  cultivation  methods,  as  maintaining  the  intermediate 
dikes  and  terrace  borders. 

It  is  believed  that  the  system  outlined  -vvill,  at  reasonable  cost,  pro- 
vide adequate  protection  unlor  all  conditions,  vdll  prevent  erosion  of  the 
soil,  and  v.dll  improve  soil  conditions  in  the  fields  from  silt  deposition. 

The  program  outlined  to  provide  flood  protection  is  intended  to  oper- 
ate in  conjunction  v.-ith,  and  is  depondqnt  .upon,  oth.j'r  soil  conserva.tion 
practices  on  both  tho  lands  protected  and  the  tributary  v.-atorsheds.    The  con- 
trol and  protection  of  v.-atcrshod  areas  by  proper  m.anagcmont  and  structural 
treatment  v^horo  required  is  necessary  to  reduce  the  run-off  peaks  C"nd  the 
am.ounts  of  flood  debris j  in  particular,  side  drainages  should  be  treated  v;ith 
silt  barriers,  and  detentions  to  reduce  the  volume  of  rocks  and  gravel 
carried  to  the  main  valley.     On  the  lands  prot-jcted  from  flood  damage,  con- 
servation practices  for  protection  against  soil  losses  are  equally  im.portant. 
In  such  operations,  other  types  of  treatments  and  structures  can  bo  used  to 
advantage  in  conjunction  vdth  the  structures  outlined, 

YJhile  solid  protection  dikes,  along  and,  parallel  to,  tho  stream 
channel  are  undesirable  because  thoy  prevent  the  return  of  flood  vmtors, 
perm.cablc  dikes  {rock  or  brush)  can  be  used  to  advantage  to  raise  the  ad- 
jacent land  level,    YHiero  tho  land  is  relatively  low  (and  v;horc  an  adequate 
channel  of  sufficient  capacity  belov/  the  land  level  cannot  be  'established 
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because  of  grade  or  other  corv'^i tiona) ,  a  brusih  porcolator  cr  simil'^r  struc- 
ture vj-ill  bo  moro  effective  thnn  o^-'.rth  ''ikos,  It  ^-^ill  permit  the  more  fre- 
quent floor. ings  usual  on  such  lov/  areas  to  drain  off  but  vill  retain  the 
silt;  the  moro  frequent  floodings  and.- rosultin,:  silt  c  opositions  '.vill  ra^isG 
the  lo.nd  level,  and  produce  the  necessary  stream  channel.  If  earth  soil 
saving  dikes  arc  used,  the  tops  should  bo  level  alon^  the  entire  len;^th  and 
any  drains  should  bo  boxus,  not  open  drains* 
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Synoposis 

This  paper  deals  with  the  phenomena  in  relation  to  the  erosion  of  the 
banks  of  strear.is  running  through  alluvial  or  sandy  soil.     The  various  cur- 
rents in  a  stream  are  discussed  and  the  effect  of  these  currents  in  detach- 
ing the  solids  fron  the  bank,  aiid  in  transpo ;'ting,  distributing  and  deposit- 
ing these  solids.     It  is  deteminod  tliat  a  sloping  or  stepped  bank  is  neces- 
sary to  a  satisfactory  system,  of  bank  protection.     The  principles  and  general 
conditions  to  be  met  in  the  design  and  location  of  permeable  dikes  are  set 
forth. 

Introduction 

The  im-portance  of  the  transportation  of  alluvium.,  ■  silt,  sand  and  other 
solids  by  surface  waters  is  out  of  proportion  to  the  effort  that  is  being 
made  to  remedy  this  undesirable  action.     There  are  but  t\-ro  sources  for  the 
renewing  of  the  supplies  of  solids  in  our  water  courses.     One  is  the'  alluvium 
carried  from  the  surfacG  soils  in  every  frcshot,  and  vj-hich  is  a  m.attor  of 
suprom.G  importance  to  the  oncom.ing  generations;  the  other  is  the  erosion  of 
the  stream  banks.     If  the  soil  from  the  surface  vrash  can  be  kept  on  the  land 
and  the  banks  of  the  streams  can  be  kept  from,  eroding,  thus  destroying  the 
source  of  new  ratorial  delivered  to  the  water  courses,  their  rogimicn  v.'-ill  be 
established,  thoir  channels  v/ill  becor.e  cleared  of  bars  and  deepened,  their 
capacities  v/ill  bccom.G  incroascd  and  the  periodical  losses  from  floods  v/ill 
be  lessened.     Because  of  the  increased  value  of  land  and  especially  of  the 
im.provcment s ,  on  the  land  adjacent  to  rivers  and  smaller  strear.s,  the  stabili- 
zation of  caving  banks  has  already  bocQio  of  prim.e  importance,  and  to  this 
division  of  the  problem  this  paper  is  directed. 

River  Currents 

As  the  automobile  furnishes  the  pcv/er  and  is  the  transporting  vohlclo 
while  the  passenger  directs  the  course  it  takes,   so  in  streams  the  water 
furnishes  the  -poiver  and  is  the  tro.nsporting  vehicle  v:hilc  tho  solid  material, 
as  tho  passenger,   is  an  important  factor  in  determining  tho  course  of  the 
streari.     Tho  location  of  the  route  the  water 'takes  will  first  be  considered; 
then  the  ncthod  by  v/hich  hhc  transported  solids  direct  it  intc  tliis  path. 

In  alluvial  valleys  all  stream.s  have  similar  and  characteristic 
courses  (Fig.  l).    At  a  high  v:ater  sto.ge,  short  of  ovcrf lov/ing  its  banks,  the 
current  strikes  one  bank  (a),  is  deflected  and  cro-ssos  ovar  to  the  opposite 
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bank  (b),  only  to  be  doflected  a;^ain.     The  repetition  of  this  process,  -vary- 
ing only  in  degree,  continues  for  the  length  of  the  valley.    Assume  a  longi- 
tudinal filament  of  water  of  unit  cross  section  at  the  surface  of  the  swift- 
est part  of  the  stream  (a.  Fig,  2).    YiThen  it  strikes  the  bank  on  the  outside 
of  the  curve  of  the  stream,  its  energy  is  exerted  in  tvvo  directions,  one  a 
pressure  (b,  Fig»  2)  normal  to  the  bank,  the  other  (c)  a  deflection  of  th'e 
current  parallel  to  the  bank,     TIio  resultant  current  (o)  is  I'a)  chjinged  in 
direction  and  reduced  in  velocity,  while  (b)  resisted  by  the  bank,  causes  an 
elevation  of  the  surface  of  the  stream  adjacent  to  the  bank.     This  resolution 
of  forces  applies  to  the  stream,  as  a  whole  and  results  in  a  cro^s  section  at 
the  bond  of  the  stream,  as  shov/n  in  Fig,  3. 

The  v:ater  at  (a)  in  this  sup'- rimpo.'sod  he -.d  socks  its  dvvn  level.  The 
solid  material  of  tho  bank  prevents  it-;  'movoment  on  the  shore  side;  the  gradi- 
ent of  the  stream  prevents  on  the  up-stream,  side;  it  can  escape  d ovm-stroajri 
with  the  advantage  of  the  stretim  gradient,  but  its  shortest  course  and  steep- 
est gradient  is  toward  tho  lower  water:. surface  of  the  cross  section  at  (b) 
and  toward  this  point  it  seekr  cquilibriun,     Th;-  oncom.ing  current  (c)  holds 
this  tendency  tovrard  alius tir-jnt  hard  u:;ai.nst  the  bank  and  forms  the  downward 
current  (d),  iThich,   affected  by  tlie  go.ncr.'.l  r.ioveirient  of  the  water  down-stream, 
takes  a  diagonal  course  down  the  face  csf  the  bank. 

This  action  of  the  v;ater  fldv;ing  in  a  curved  channel  was  noted  hy  Frof, 
Jam.es  Thompson  in  1377»     (Encyclopacdici  Britannica,  11th  Edition,  Vol,  XIV, 
P.  72)  •    A  curved  trough  v:as  built  (Fig,  i4)  and  a  stream,  of  viator  m.aintained 
through  it.     Seeds,  with  aboui;  the  .Gpocific  gravity  of  wt.iter  and  saturated  in 
a  soluble  dye,  -vrore  placed  on  the  bed  of  the  streaia  and  their  paths  notexi. 
It  was  discovered  that  seeds  placed  at  various  points  (c.  Fig,  U)  took  diago- 
nal courses  ■  across  the  bed  of  the  stream  and  v;erc  deposited  on  the  inside  of 
the  curve  of  the  stream, 

Strcrjn  Solids 

In  con^jiderirtg .  the  solid  material  which  is  the  passenger  in  th:  stream, 
varying  in  size  from  boulders  to  dust,  it  is  well  to  consider  first  why  these 
solids,  heavier  than  water,  dro  carried  at  all,    .There,  arc  two  distinct 
methods  of  transporting  the  sollde.  There  are  t}ic  solids  that  are  in  close 
proximxity  to  the  boT;tom.,  commicnly  called  "bottom  load,"     The  force  of  the 
current  on  tlio  up-strea.m  side  of  each  parti  ^lo  roll.'j  or  slides  it  along  the 
bottom;  again,  thcr-j  are  the  particles  that  are  distr.ibutod  tlirough  the 
vj-ater  even  to  the  surface,  ;  In  Fig.  6  is  illustrated  a  longitudinal  section 
of  a  streari.     Corrugations  in  the  sand  caused  by  friction  are  famdliar  to 
all  in  places  where  a  sand  surface  has  bee.n  expose.'  to  either  air  or  water 
currents.     The  heavier  solids  roll  over  the  corrug'.tions  and  come  to  repose 
at  the  foot  of  the  elevation  es  at  (a).     Lighter  grains  describe  the  Icons 
(b);'  while  still  lighter  ones,  describe  thu  locus  (c)  or  (d).     The  propor- 
tion of  sand  carried  in  suspension  varies  avit-h  the  velocity  and  inversely 
with  the  depth  of  the  stream.     (R.  H.  Hill,  Proc,  A;:.  Sec,  C.  13.,  Vol.  39, 
P.  263).     This  proportion  also  varies  v.'ith  tb,o  fineness  cf  the  grains;  somiO 
being  too  large  to  be  lifted  from  the  bottom  and  others  being  so  fine  they 
vn.ll  stay  3n  sus^pension  in  ^t"i''l  water  for  m.o^tbs  and  ev-^n  scverrl  years. 
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(Proc.  An,  Soc,  of  C.  E.,  Vol.  89,  P.  9^3).  It  ^Iso  follows  that  in  a  strean 
tho  materials  cf  the  bctton  and  banks  are  taken  into  susponsicn  at  tho  points 

vriioro  the  vclooity  action  is  greatest  and  tho  sor.o  ip.atorials  arc  dopcsitod 

where  tho  velocity  is  least, 

Tho  r.iovoncnt  of  tho  banlc  solids  in  tho  stream  nay  be  considorod  v.'ith 
rospoct  to  their  dotachment,  their  transportation  and  their  deposition.  From 
general  observation  it  is  v.'oll  knov:n  that  tho  solids  frcn  tho  banks  arc  in- 
troduced into  the  stream  by  tho  erosion  of  the  bank  on  the  outside  sido  of 
tho  bond  of  the  stream  as  dt  (b,  Fi;^,  7)  •     "J^hc  center  of  the  flcvr  cf  tho 
s^viftost  part  of  tho  current  on  a  stretch  of  tangent  of  tho  strccji-is  at  the 
contor  of  the  stream  as  at  (c),  but  approaches  the  caving  bank  at  (b),  and  at 
this  point  tho  ch.annol  is  deepest.     The  sv>dftest  part  of  tho  current  thcn_ 
crosses  over  at  (o)  t6  the  opposite  sido.    At  this  point,  kr.cvTn  as  tho  "flross 
over  bar,"  the  channel  is  shallc.vrer  and  the  elevation  of  tho  bottom  more  uri- 
form  as  illustrated  by  tho  cross  section  B-B,     The  process 'is  then  repeated 
from  the  opposite  sido  (f)  cf  tho  river.    As  r.hov.Ti  by  tho  typical  cross  sec- 
tions, the-,  deep  bottom  and  tho  supcr-olovation  of  the  upper  surface  of  the 
stream  sT.'iAg  from  side  to  sido  of  the  charjicl,  with  a  norna.l  condition  bo- 
t'.Yoon  as  thoug?!  one  ivcro  rocking  water  in  a  pan,     Tho  contour  linos  (a)  arc 
at  an  elevation  shcvm  on  the  cross  sections  at  (g).     Tho  paths  of  the  major 
portion  of  the  solids  and  tho  places  of  their  deposition  follovj  generally 
the  flow  of  the  cv^.rrcnts  nearest  the  w.ttod  pcriniter,  as  wore  shown  in  Fig,  U 
and  Fig,  5»     These  two  processes  arc  affected,  ho'vfover,  by  other  influences 
t".nd  their  oxact  operations  still  furnish  themes  for  animated  engineering  dis- 
cussion.    It  i.s  the  erosion  of  the  bank,  hovrovor,  that  causes  the  m.a j  or  prop- 
erty loss  adjacent  to  streams.     In  this  respect  tho  subjects  of  transportation 
and  deposition'  of  tho  eroded  m.atorial  aro  of  soGondar5-  inpcrtanco  and  for  the 
purposes  cf  this  paper  will  not  bo  pursued  farther;  suffice  it  to  say  that 
the  movement  of  the  solids  dotenrdnos  to  a  large  extent  tho  location,  v/idths 
and  depths  of  tho  stream  channel. 

In  a  uniform,  channel  on  a  straight  stretch  of  a  str ocon  there  is  very 
slight  scouring,     ( Trauti'dne,  18th  Edition,  P,  577)  •    Scr.e  distinct  action 
m.ust  take  place  at  tho  bend  of  a  strean  to  tfaviso  tho  detachi-iont  of  the  bank 
material.     Considering  tho  porimator  currents  as  shovai  by  Prof,  llior^pson  to 
exist  in  the  bends  of  streams,  there  is  a  doAvr.trr.rd  velocity  on  tho  face  of 
tho  stoop,  caving  bank.     Particles  of  solid  material  (Fig.  6),  attached  to 
tho  face  of  this  bank  have  a.cting  upon  thcr.  to  dislodge  them,  and  carry  thori 
downward,  thp  dovraward  current  velocity  plus     gravity;  across  the  bod  of  the 
stream,  they  have  velocity  onl^''  and  as  they  ascend  the  opposite;  side  they  have' 
.velocity  nihus  gravity.    As  tho  velocity  decreases  the  particles  aro  finally 
tiopQsitodj  the  heavier  at  tho  lovrest  point  of  tho  bod  of  the  stream  and  tho 
lighter  higher  up  and  further  across  tho  bod,  thus  gi\-ing  the  gradations  in 
Size  at  different  depths  found  in  all  old  channel  excavations. 

It  is  comnonly  kno\\Ti  that  the  erosion  of  a  banlc  practically  stops  when 
the  water  reaches  a  height  at  v;hich  it  overflows  the  eroding  bank,    '.'.'hen  tho 
m.ean  surface  elevation  of  tho  water  in  tho  stream'  risos  from,  (a)  to  (a'), 
above  the  bank,  assume,  for  tho  purpose  cf  argumLcnt,  that  it  retained  its 
surface  contour  in  the  position  (a'-b').     Since  the'  bank  resistance  is  re- 


moved  the  head  at  (b')  -will  bo  convqrtod  to  velocity  at  (c)  and  the  v/ater 
surface  drop  to  practically  tho  level  (a'' -a'').     This  .assumption  of  a 

horizontal  surface  olinixintos  the  dovmvrard  prcssuro- along  tho  face  of  tho 
bank  and  thus  rcnovos  tho  dovravvard  overrent  by  ronovinr;  its  cause,     Tho  activo 
downv/ard.  force  on  a  -solid  particle  in  tho  bank  is  f educed  to  t;;ravity  only  and 
the  caving  bcconos  uo-torial ly  loss,  , 

Another  charactoristic  of  cavinj.',  banks  is  that  tho -actual  scourinc  cn 
the  caving  bank -is  not  licar  the  surfacfe  of-  tlio  -water,  but  is  loiT-dovj'n,  undcr- 
niniiig-  the  material  until  it  drops  in  nass,     Tho  path  of ■  the  water  in  its 
notion  around' the  bond  approxinatos  .a  helix.     It  crosses  tho  channel  on  the 
surface,  drops  to  tlio  bed  of  tho  stream  and  recrossos  tho  chxinnol,-    With  tho 
t\'VO  cross  currents  in  the  .stroati,  onq'abovc  and  one  bolcv,  ^Vgtq  must  bo  a 
region  soncwhero  betvroon  those  tvro  ^••urrents'^vhorc  they  affect  each  other  in 
amount  andv direct ion,  and ,at  tho  cohtcr  of  this  region  a  surface  whore  the 
cross  stroan-  currents  arc  neutralized  tnC.  the  resultant  motion  of  the  Viratcr 
is  para  lie  l^-vith  tho  .center  line  of  the  channel.    The  neutral  surface  cr 
plane  is  indicated,  in  section  at' (a-a)  Fig,  9,     Consider  an  incipient,  longi-' 
tudinal  cavity  in  the  vertical' bank  at  (b)  'Afhich  if  ii-icroasodj  will  undern5^nQ 
the  bank,-;    The  downward  current  is,  assisted  in  ont-,-;ring  the  cavity  by  tho. 
pressure  (c)  from,  tho  currontj  but  this  action  is  counterbalanced;  by  thjo  -pres- 
suro  (d)  'bolow  (c)  and  acting  in  the  sano  direction.     Consider  again  a  GG.vity 
lower  d-cvm  and  at  the  noutral  plane. (a-a).     The  force '-(f)  drives  thq  -vertical 
current  into  tho  cavit^r  and  the  force  (;g)  below  acting  in  the  opposite  direc- 
tion assists  in  its.  disoharg-o  and  the 'onlarging,  undermining  cavity  finally  .. 
causes  a  piano  of  cleavage  in  the,  bank  above  itj  the  traco  of  .vv'hich  is  indir, 
cated  at(h-h). 

Bank  Protection  - 

Since  tho  current  causing  the  caving  of  the  bank  on  tho  bond  of  a 
stream,  acts  verticallj^-,      horizontal  obstruction  is  t]ic '  nest 'd-'irect  -method  of 
intorcopting  it,  ;  In-Fig,  10  th'e  arrows  (a  and  b)  roprGS'ont  the  cross  channel 
component  of  tihp  ■  ho licoidal  current.     If  an  artificial -bank  (c-c-)' bo  placed- - 
vj-ith  its  top  horiz-cntc.];  sui-faco  above  the  noutral  plane,  'the  '.dov-.-riwar^d  current 

(d)  is  deflected  stream'ard .  and  moots  the  opposing'  cui'ront  (a) -with  the 
effect  tha-l;  ti.-o  dovrfiii/ard  ou-i-rc-nt  (d)  is  destroyed,     Tkc  artificial , bank,  has  . 
tho  further  effect  of  gta-'roing.  a  downward  current  on  its'  own  vertical  surface 
with  a  riew  ad.jastmont  of  forces  and,  a,  novi  and  lower  neutral  plane.  These 
new  conditio-ns  also  cause  a  higher  eloy-ation  of  the":.surfacc  of  tho  stroan  at 

(e)  farther  from  tho  bank,  and  a  corresponding  le^cr  ♦>lovr.tien  at'the  bank*.. 

This  orcccss .  may  bo  continued  indefinitclv  b'y  incrcasin::  the  number  of 
stops  in  the  artificial  bank  (Fig,  11)-  which^  car:  ied'  to  the  linit,  is  thc^ 
plane  at  (a-a),-    This  furnishes  the  first  m.othod  of  preventing  the  erosion  of 
tho  conca-^io  bank  in  tho  bend  of., a.  istroani  by  sloping  back  the  bank  to  a  lino 
(b-:b)'.     This  riothod  has  been  quite  commonly  used'  ovor  a  long  period  of  time- 
with 'very -satisfactory  result s.    As  it  is  impractical  to  extend  tho  bank, 
slope- below  the  low  wo.ter  line,  .it  has  been  cci:i:.:cn  practice  to" -sink  some  fom 
of  revetment  to  tho  bond  of  the  'river  and  lip  the  bani  to  varying  distances, 
above  the  lev/  water  line.     Such  a  revetment  also  increases  tho  rosistanco  of 
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thc  sloping  bank,  pjrnitting  it  tc-  bo  na.int--ino/i  on  a  stoopcr  j^rade.     On  ac- 
count of  the  hi';;!!  cost  of  cxcc.vatin^;  and  building  the  rovotncnt,  it  is  often 
dosirablo  to  build  tho  protection  within  the  channel  of  the  stream.    This  is 
now  comnonly  done  by  placin^;;  a  pcmoo.blc  dike  or  jetty  in  tho  strean.  This 
pornoable  or  skeleton  jetty  is  so  placed  that  it  intercepts  and  retards  the 
current  flowing  along  the  caving  bank  to  such  an  extent  that  the  detritas 
carried  by  the  stroan  is  deposited,  building  a  bar  in  the  deepest  portion  of 
the  channel  and  along  the  face  of  tho  caving  bank.    The  resulting  cress  sec- 
tion then  assumes  the  general  appearance  of  Fig,  12,  with  a  horizontal  f'.ice 
(a)  above  the  neutral  plane,  and  a  surface  (b)  on  a  slope  that  will  intercept 
the  vortical  current. 

Two  general  methods  are  used  in  installing  pornoable  jetties.     One  is 
to  place  short  spur  jetties  at  intervals  along  the  face  -of  tho  caving  bank. 
The  intervals  should  be  such  that  the  bar  from  the  up-stream  jetty  v/ill  not 
terminate  before  the  location  of  tho  next  jetty  belcvr  is  reached.     The  other 
method  is  to  build  one  long  jetty  from  the  bank  just  above  the  point  v;herc 
the  caving  cor.uaences,  and  extending  into  the  str(\am  far  enough  to  build  a 
bar  for  tho  length  of  the  caving  bank,     Tho  advantages  of  the  latter  method 
arc  found  in  wide  sand  bearing  stroartS,     On  account  of  the  length  of  tho 
jetty,  the  direction  of  the  stream  is  divortc^d  by  tho  bar  \Thich  is  formed  and 
protected  by  the  jetty.     It  also  avoids  tlio  danger  of  scouring  back  of  the 
jetty  at  the  point  v/hcre  tb.e  jetty  comes  in  contact  with  tho  bank. 

Obstructions  of  various  kinds  are  sometimes  placed  at  intervals  dovm 
the  face  of  the  vertical  caving  bank.     These  arc  of  voluc  as  emorgency 
measures  and  whore  used  should  bo  placed  sufficiently  close  together  tc  form 
a  comparatively  quie^-  cushion  of  water  next  the  bank  to  hold  tho  dcv'mward 
current  from  direct  contact  vfith  the  bank,     Othen-'riso  the  downward  current 
will  form  bot/reen  the  vortical  obstructions  and  bo  concontrated  on  the  up- 
stream side  of  each  obstruction  with  serious  results. 

Design  of  Pormicable  Jetties 

Owing  to  the  wide  variation  in  the  composition  of  tho  detritus  in  tho 
beds  and  btxnks  of  streams,  empirical  m.othods  must  bo  used  to  a  large  extent 
in  tho  design  of  jetties o    As  to  strength  of  members  and  stability,  however, 
there  are  certain  vforkablo  limits  that  can  bo  determined  by  engineering  pro- 
cesses. 

Strength  and  Stability,    The  forces  acting  to  break  the  mem.bers  or  to 
overturn  or  v/ash  out  the  structure  havo      their  origin  in  tho  velocity  of  tho 
■stream.    After  the  maximum  mean  velocity  has  been  observed,  by  the  use  of  the 
formulae  for  tho  flov/  of  water  in  open  channels,  the  velocity  head  may  be 
determined  and  from  this  head  the  pressure  per  square  foot  on  a  plane  -normal 
to  the  current.     In  determining  the  amount  of  permeability,  or, hotter,  the 
non-permeability  (tho  percent  the  solid  area  of  the  jetty  bears  to  the  entire 
face  of  the-  jetty),  tho  amount  of  drift  that  will  lodge  on  the  structure  must 
be  taken  into  consideration.    From  60  to  75  pcr  cent,  of  non-perm.oability  in- 
cluding drift  ivill  build  a  bar  quite  readily  in  the  usual  type  of  sand  bear- 
ing stream.    After  the  external  forces  have  thus     been  dotcrm.inodj  the  jetty 


-6- 


is  readily  dssigncd  hy  the  riothods  usod  in  proporticning  tho  ncmbors  cf 
static  structures. 

»     ■  ■ 

Shoro  Outtinr>     Tho  danger  of  gcourinr  botrt'TC'-cn  tho  shore  end  of  the 
jetty  and  tho'  hank 'must  be  proyidod  for  in' the  design  and  installation,  Sccur* 
ing  varies'  with  tho  gqu.'aro  of  tho  veloeity  of  the  stroan*     Tho  jetty  obstructs 
the  stream  and  incrcasos  tho  head  above  the  jottj'-Tand  if  oven  .a  sr.all  oreninr. 
is  left  in  the  atrtachrAent  of  the'  jetty  to  the  bank  the  increased  A''ol--city 
throUi_".h  this  opcnini-j  vfill  soon  widen  tc  a-chS'.nnol  and  leave  the  jetty  and  its 
bar  as  an  island  in,  the  river,  ■    .-'  •  .  , 

Settling.     In  sand  bottom  streams,  jetties  that  rest  on  the  bottom  will 
scriOtimX'S  settle  even  to  tho  point  of -destroyinr  their  usefulness.  Running 
vfator  .is  nocesso.ry,  even  in  quicksard,  to  'cause  serious  sottlomcnt.    All  of 
throe  m^ithods  arc  ac:viso.blc-  for  use' to  prevent  settling ;  m.oans  to  prevent 
running  water  coning  in  conto.ct  v.d.th.  tho  -supports;  location  of  tho  jetty  at 
an  angle  v^ith  t'hn  ourront  that  vrill'  give  the  least  volobity  along  the  supports; 
and  the  use  of  a  material  ■vii-!:h  a  low  suooific  gravity  in  tho-  construction  of 
tho  jetty.     The  riatcrials  '  ith  Ji:.f;h.  specif i^3  gravities,  such  as  stcol,  will 
settle  in  proporx'ion  to  tb.eir  spdcifiG  gra-vitios'  and- apparent ly  v,'ithout 
respect  to  "the  t'otal' weight  of  t?.o  st'i*ucturd,  ' 

Location,    Attention  shotild  be  paid  in  the  location  of  jetties  to  tho 
future  m-ovcrtont  of  that  pa      of  the  stream,  not  affected  by  tl^o  installation 
as  this  m-ovoment  ■  often  af.i'-.ictK  the  future  usefulness  of- the  jetty,' 

'  In  a"  typical  stream  of  tlio  typo'  wo  ha^c  under  consideration,;  except  " 
whore  affected  teriporarily  by  unusual  conditions,  tho  bonds  novo  slowly  doivn 
stream.,     Irl- ?ig,''  13' the  oui'rent  fromi  a  *fckngozit  stretch  of  river  strilces  the 
cencavo- bark  at  ■  (a) ,  ■  s'couring  tho  bank  and  do'f  looting  tho  current,  but  the 
proponderance  of  tho  scour  on  the  b'anic' is- db'vnm-stroan 'from  the  'outcr-nost 
point  (b)  v-±  tbo  curve  and.  tliis  causes  a  gradual  m:OV-or-cnt  cf  the  bend  doT/n- 
strc 


Some  of  the  points  to' bb-' observed  in  connection  v;ith  the  location  are: 

a.  The  nature '  of  the  b'ond  just  abrvo  t>o  installation,  as  this  bend 
affects  both  the  location  and  tho  Icn.-th  ofth     ''  "^ty^ 

b.  The  lonrth  of  tb.o  bar  formed  varies  i.'ivo'selw  witl:  tlic  der.roe  of 
curvature  of'  the  stream.  ai:d  directly  vi  g]i  ite  vol--'eityi 

c.  The  installation  should  not  bo  too  far  up-^o'Gr^ejr.  to  be  efficrent; 
nor  should  it  bo  far  enough  dcv/n-strcami  to  alio;    -u'iting,  back  of  tho  installa- 
tion, 

d.  In  a  sandy  stream.,  material  is  being  m.ovod  from  that  part  of  tlic 
channel  adjacent  to  a  caving  bank  and,  conversely,  material  i s- being"  dcposit- 
od  in  that  part  of  tho  channel  'where  the  bank  is  not  caving, 

■  0,' The  installation  should  not  bo  placed  xrhcrc  a  tributary  riust'cut 


through  the  bar  to  reach  the  river  channel. 


PRESIDENT:     Professor  Ee.wson,  formerly  Professor  of  Hydraulics  at  the 
University,  now  at  the  University'  of  Ton. si n,  had  I'r.  Smith's  paper  and  has 
prepared  a  written  dicouasion  of  it,     'icfor*-  giving  that,  if  :  r.  Jacoby  is  in 
the  rooii)  we  will  ask  him  to  give  brief  comment  regarding  the  report  of  ''r. 
Knapp. 


THE  PRESIDENT:     I  will  now  read  Mr.  Dawson's-  discussion  v;hile  T'r. 
Smith  indicates  the  illustrations  to  which  the  discussion  refers. 


MR.  SMITH:     I  am  pleased  that  Professor  Davson  has  called  attention  to 
the  scarcity  of  actual  experiments  and  the  prevalence  of  theory  concerning  the 
currents  in  stream  flow.     Professor  Thom.pson  made  actual  observations  on 
miniature  streams  and  developed  tne  iC3C.  by  ti3ories  virhich  have  been  generally  ■ 
accepted  since  that  time.     Frcm  otservc.ticns  on  the  stream.s  of  the 

Punjab,  India,  Mrs  P.  Claxton  io s-elope':)  a  theory  published  in  the  Ehf^.ine er ing 
News,  Vol,  99,   1927.    Mr,  Cl?..r:to-i  entirely  abr.ndons  the  solution  of  Prof. 
Thompson  and  gives  two  reasons  \r.  proof  of  his  position.     One  is- that  in  7;idc 
shallow  streams  it  v/ould  be  imposiji'jle  for  the  olcv'ation  of  the  surf'-.co  of  the  •< 
water  at  the  ccncavo  banK:  to  affect  'uhe  entire  v/idth  of  tho  stream.     That  this 
is  true  probab.ly  a  LI  aamit,  bvit  lhai.  it  docs  not  -pro^v  error  in- tho  observa- 
tions of  Proff.  Thompson  will  be  .ioen  by  a  casual  cxo.m.ination  of  such  loca- 
tions.    Fit', 8   ih  s option  01   '■.ho  Cimarron  River  and  is  typical  of  m.any  loca- 
tions on  our  very  wide  and  Vo-i-y  t^haiiov"  sand  bearing  streams,     Th"   caving  bank 
at  the  right  ftr.d  the  stream  b'^d  .id .jacor.t  has  all  the  characteristics  found  in 
the  deep,  narrow  cnanncls  altho'tgh  the  bed  of  the  stream,  in  th .   left  portion 
of  the  cross  section  is  not  affected  by  tho  super-elevation. 

The  second  reason' given  by  Mr,  Clf.xton  is  that  the  f  eeble  force  possible- 
to  be  generated  by  such  a  supoi'-cle-vation  could  not  ovorcomo  the  m.ain  current 
of  the  river,    A  slip  or --elevation  at  a  curve  in  the  J'ississipni  river  has  been 
observed  to  be  approximately  one  foot  at  a  point  where  the  rivor  is  ^-  mile 
wide.     The  average  gradient  of  the  Mississippi  river  from  Cairo  '-o  the  Gulf 
is  0.327  feet  per  mile  or  about  l/'l  tho  gradient  'cress  tho  stream.     The  ob- 
servations of  Professor  Tliompscn  eo  not  indicate  that  the  cross  current  sver- 
comos  the  longitudinal  currcn'c  but  that  the  longitudinal  current  is  affected 
in  direction  by  tho  cross  current.     That  a  cross  stream  gradient  of  three 
times  the  1  cng itudina  1  gradient  mil  affect  the  lon;^itud inal  current,   is  not 
at  all  inconceivable, 

Mr.  Claxton  introduces  the  theory  that  the  vrater  becomes  more-  and  more 
saturated  with  the  bank  solids  as  it  advances  doivn  the  caving  bank  until  a 
point  of  saturation  is  reached  where  the  solids  are  deposited.     He  deduces 
from  this  tv\^o  results:  first,   that  the  solids  are  deposited  on  the  side  of 
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the  channel  from  which  they  are  dislodged,   and  second,  that  such  deposits 
obstruct  and  deflect  the  current  causing  the  bonds  in  the  strsarru 

As  to  the  first  point,  ti^ere  is  but  little  doubt  that  mucri  of  the 
materiol  from  a  caving  bank  does  stay  on  the  same  side  of  the  rtrea.r;.  and  is 
deposited  over  the  bar  just  below  the'  caving  v^here  the  water  is  comparatively 
shallov.'  and  the  currerjt  comparatively  slov^.    But  that  this  material  Is  the 
cause  of  the  bends  in  streams,  is  not  sustained  by  many  of  the  phenomena  to 
be  observed. 

Consider  a  high,  straight  bank  that  commences  to  ca^'e.     There  is  a 
definite  point  vchore  the  caving  commencGs  ■\nd  another  dofinito  point  v.-hero 
the  caving  ends.     The     incroaso  in  caving  at  the  upper  end  r-.nd  the  decroaso  at 
the  lower  end  are  not  abrupt  but  gradual,  and  of  necessity  the  continuance  of 
caving  most  at  the  center  and  least  at  the  'nds  produces  a  concave  ban^c  ■:-.nd 
this  concave  bank  deflects  the  current  and  causes  bends  in  the  stream,  Again 
if  the  solids  are  deposited  rit  the  end  of  the  caving  banV  due  ■':o  the  Abater 
being  surcharged  and  if  thi?  ia  the  obstruction  that  caucas  the  deflection 
of  the  current  the  bonds  in  the  stream  v;ould  have  a  general  movom.ent  up 
stream-;  but  the  general  movement  of  bonds  is  Qov:n  stre""m. 

There  ore  in  vary  flat  valleys  instances  '^.-hore  a  bend  ".7ill  temporarily 
m.ove  up  stream.,  but  this  novomont  is  soon  arrested  and  r  ever  sod,  or  the  bend 
(•oming  do"vra  from  above  moots  it,  with  the  resulting  resaca  or  ox-bovr  lake. 
-Further  in  such  cases  the  amount  of  curvature  is  grco-t  m-'king  a  very  long 
concave  bank  which  caves  for  the  total  length  of  curvature  "'without  deposit- 
ing bars  on  the  caving  side  as  one  v;ould  anticipate  by  follo'.ving  the  satura- 
tion theory. 

Professor  Davvson  suggests  that  since  the  y/atcr  surface  is  higher  ad- 
jacent thiJ  concavp  b.ank  the  water  must  flow  upwcrd  in  pl^.cc  of  d  ovrnwar-d . 
This  of  course  is  the  case.    Y,'hon  the  stream  enters  tho  curve  the  water  next 
the  concave  bank  flows  up  to  the  super-elevation  and  is  held  at  this  eleva- 
tion until  it  leaves  the  curve  when  it  flows  dov.'n  again,     Ljt  us  consider  a 
filament  of  water  (a)  with  unit  cross  section  striking  a  concave  bank  .'Fig,  15). 
A  resistance  (b)   of  the  bank  13  d.ovcloped.     Since  v;atcr  transmtits  an  equal 
force  in  all  directions  wo  get  an  upward  force  (c)  but  v.'o  also  get  an  oquil 
downward  fore?  (d).     The  force  (c)  can  bo  mioasured  by  the  stctic  hoed  it 
induces  but  (d)  being  equal  can  alf;o  bo  miCaaurod  by  'cho  same  head. 
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TIi3']0x1Y  A]\'D  F.MAC:.iCE  IK  THE 
DESIGN  OF.  PEiaiEABLE  JETTIES 


Introduction 

For  centuries  the  rivers'  cavinp;  banks  have  been  covered  \rith  stone 
and  brush  in  attempts  to  protect  property  i'ron  tlie  oncroachnent  of  erosion. 
Today  the  river  banks  are  still  caving;  brush  is  getting  scarce;  stone  is 
expensive,  and  property  values  along  the  rivers  are  increasing.     The  natu- 
ral rorult  of  such  circumstances  is  the  demand  for  a  bott^:;r  form  of  bank 
protection,  which  can  bo  designed  t o  givo  consistently  good  and  permanent 
results  at  a  minimum  cost,     Thfj  protoction  of  expensive  roads  and  bridges 
can  not  bo  loft  to  untrained  experimenters.    FiQcognizing  this  need  for 
better  protection,  trained  enginoors  have  dovolopcd  the  pormoablc  jetty  to 
a  point  v,-horo  it  can  bo  designed  as  o.n  onginooring  structure  to  suit  local 
conditions.     It  is  tlie  purpose  ox  this  papor  to  discuss  the  cinginooring 
problems  which  enter  into  the  design  of  such  banlc  protection. 

Design  should  start  v/ith  tlio  original  survey.     It  is  intended  that 
this  paper  will  point  out  the  essentials  of  a  good  jetty  survey,  and  vail 
indicate  the  factors  Y;hich  infruencu  the  choice  of  tho  typo  of  jptty.  Then 
t}]0  antual  design  of  a  permeable  jetty  v/i  11  bo  discussed  in  detail.  By 
"typo  of  jetty"  is  meant  the  arrangement  of  whatever  units  form  tho  jetty, 
i.e.,  whether  in  a  series  of  short  strings  or  in  one  long  v/ing  or  divorsicn 
line,    A  "flexible  jetty"  will  bo  taken  to  mean  a  permeable  jotty  consist- 
ing of  several  units  connected  to  each  other  and  resting  on  the  bed  or  bank 
of  tho  stream, 

Tho  Significance  of  th-:  Survey 

A  mere  map  of  the  proposed  jetty  site  does  not  furnish  sufficient 
data  for  an  intelligent  onginoering  design  of  bank  protection.  Surveys 
which,  are  to  be  tho  basis  of  jetty  design  should,  bo  technical  reports  of 
the  whole  situation.  (Fig,  1)  Obviously,  a  good  map  of  tho  caving  bank 
line  is  essential  to  ascertain  its  length  n.nd  radius  of  curvature,  Tho 
curvature  (together  with  the  v/idth  of  the  river)  is  the  prim.o  factor  in 
determining  tho  length  of  jetties  to  be  used,     (Figs,  2  and  Z,) 

From  figure  2  it  is  soon  that  tho  map  should  show  both  bank  lines 
at  both  high  and  low"  -vrntor,  and  any  bars  on  the  side  opposite  the  caving. 
This  is  for  the  purpose  of  studying  conditions  across  the  river  before  any 
deflection  of  the  current  is  attempted,    A  contour  m.ap  vrith  an  interval  of 
tviTo  feet  is  very  dccirablo,    A  good  map  docs  not  termina.to  at  the  upper  end 
of  the  caving.    Up  stream  from  the  caving  there  mxiy  bo  bends  or  other  con- 
ditions which  would  vitally  affect  tho  location  of  the  jetties.     For  ox- 
ample,  an  active  caving  bank  upstream  from  the  bank  in  question  v/ill  somo- 
times  work  far  enough  dowistroam  to  cut  behind  the  jetties  in  their  ori- 
ginal location,     Suchi  conditions  as  those  should  be  known  before  attempting 
to  locate  an  installation,     Tho  upper  and  lower  ends  of  all  caving  banks 
within  the  range  of  the  map  should  be  carefully  dosigno.tcd  and  if  possible 
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it  should  be  dotormined  whether  or  net  thoro  has  been  any  recont  caving, 
Tho  general  direction  of  this  movoment  of  the  active  caving  is  also  very- 
important  to  tho  designer. 

Another  important  point  in  tho  survey-report  is  to  learn  the  maxi- 
mum velocity  of  tho  river  at  flood  stage.     If  government  reports  are  avail- 
able^ these  are  the  best  source  of  information.    More  estimates  obtained'.-, 
from  local  men  arc  almost  alv.Tiys  too  high,  as  foi'f  people  liave  much  expori- 
once  in  judging  velocities  within  this  low  range.    However,  local  men  can 
furnish  valuable  information  as  to  tho  quantity  and  size  of  drift  which 
runs  at  high  water,     Tho  investigator  should  check  this  agains"^  his  own 
observations  as  to  drift  accumulations  along  the  bank  and  on  bars,  Tho 
amount  of  drift  present  vfill  greatly  influence  the  ultimate  solidity  of  tho 
jetty,  and  tho  size  of  the  drift  xiill  indicate  the  size  of  openings  through 
the  jetty.     In  this  connection  it  is  well  to  chock  tho  frequency  and  dura- 
tion of  rises  in  tho  r  river,  as  a  sudden  rise  in  a  dry  stream  vfill  give  the 
offoct  of  im.pact  and  noacssitato  heavy  anchorage  for  tho  jetty. 

Height  of  banks  and  depth  cf  lo\v  wator  must  bo  noted  for  tho  de- 
signer's use  in  fixing  tho  height  of  the  jetty,     Tho  material  of  banks  and 
stream  bed  must  also  bo  carefully  recorded.    For  example,  sandy  banks  re- 
quire flat  slopes  for  stability,  and  a  fino  bed  m^aterial  may  necessitate 
oxtra  provision  for  the  prevention  of  jetty  settlement.     It  is  quite 
important  to  find  out  whether  the  opposite  bank  or  bar  vdll  scour  away  if 
attacked  by  a  diverted  current, 

Tho  sand  and  silt  content  of  the  stream  is  perhaps  tho  most  signi- 
ficant itom  to  bo  discovered.    Because  the  pormoable  jetty  utilizes  this 
sand  to  protect  the  bank  (or  to  divert  tho  current),  it  follows  that  the 
most  efficio:it  iotty  is  ono  designed  to  cause  the  maxim.um  deposition  of 
the  availabl     .sand.     Hence  the  relative  sand  content  should  bo  known  be- 
fore the  solidity  of  the  jetty  (percent  of  obstruction)  is  decided  upon. 
Having  a  good  survey  and  report,  tho  designing  engineer  is  ready  to  select 
the  type  of  jetty  to  be  used, 

Lf^cation  and  General  Design  of  Diversion  Jetties 

The  diversion  jetty  has  several  practical  applications  in  river 
viTork,     In  addition  to  protecting  banks,  a  diversion  wing  "will  ccncentrato 
low-water  flow  for  various  purposes;  it  will  scour  out  novr  ohannelsj  will 
fill  or  deepen  old  chaimels,  cr  v/ill  serve  as  a  control  of  flood  'Alitor, 
This  paper  will  mainly  be  confined  to  the  use  for  bank  protection,  but  tho 
function  of  tho  jetty  in  its  varied  applications  is  similar  in  every  in- 
stance. 

With  few  exceptions,  the  diversion  jetty  should  always  bo  located 
above  the  upstream  end  of  tho  caving.     If  this  general  rule  is  not  observed, 
the  usual  result  is  that  the  bank  caves  out  from  behind  the  shore  end  and 
leaves  the  jetty  out  in  tho  stream,  to  form  an  island.    However,  in  certain 
locations  the  caving  action  is  visibly  moving  in  its  natural  downstream 
direction  and  in  such  a  case  tho  jetties  may  be  located  at  a  point  whore  tho 


oossation  of  ocxving  in  irraainor.t, 

Bocauso  such  jetties  actvially  ol!:.'';^.^o  '.ho  dirccvii.:!  cf  the  i.iain  cur- 
rent, a  much  ;;roo.tor  spacing;;  botwooji  lir.'os  can  be  used  than  v/oulJ  be  the 
case  vn.th  chort  cpurs.    A  divorted  current  can  often  bo  held  away  fron  the 
caving  bank  for  a  distance  d'-.wnstroam  of  tijvo  to  five  tiinos  tlic  ' len,:;^;th  of 
the  jetty.     This  varies  wit?i  the  radius  of  stroan  curvature,  as  su^:{^03tod 
by  figures  2  and  3»     li"  thoro  is  sufficient  roon  v^ithin  the  vadth  of  the 
river  to  use  the  diversion  type  of  jetty,  it  v/ill  bo  found  the  nest  ocononi- 
cal,     Tho  economy  lies  in  the  saving  of  several  bank  connections,  and  in  the 
'f..\ct  that  an  increased  jetty  longth  results  in  more  than  a  proportionate 
incroas-;  in  t'le  rjr.ount  of  current  dofloction. 

It  is  veil  to  consider  th^'  fretors  'vhich  r^alTc  tho  location  of  a  pcr- 
iTieablo  jettj'  quite  different  fron  the  location  of  solid  jotties,     Tho  point 
whoro  the  jctt?. 03  leave  t]i  j  bank  nay  b-:;  the  same  in  either  case,  but  the 
angle  which  I'lc  jotties  f-:nn  v. ith  tho  bank  v: ill  probably  bo  quite  different 
for  tho  two  kind.-;  of  jetties,     Lonr;  oxporlonoa  has  shown  that  e:thor  a 
no:;nal 'or  an  upstroari  angle  ■■all  produce  r.cod  results  with  a  solid  jetty, 
(Pig,  if)     The  sti ll-vratcr  pocket  above  ::nc\h  a  jetty  prevents  th:  formation 
of  high  veloeitios  along  the  jetty  face,  r.nd  protocts  fcho  baiik  Ly  a  cushion 
of  quiet  water  even  at  flood  stage.    However,  a  porncable  jetty  installed 
in  one  of  those  positions  will  prove  unsatisfactory,  "Since  part  of  the 
stroan  f  lev;  can  now  pass  through  the  jetty,  there  is  no  still-wator  pocket, 
and  tho  i.lielo  situation  is  changed.    But  because  only  part  of  tho  original 
flov;  is  to  pass  through  tho  jetty,  it  follows  that  tho  rest  of  tho  vrator 
must  bo  disposed  of  in  none  other  direction.    Figure  I4  (upstroara)  indicates 
where  this  oxcoss  head  "v"  night  bo  expended.     In  this  case,  the  head  v/ill 
usually  tear  out  the  barik  connection  because  tho  path  tov/ard  "e"  offers  tho 
oasiost  relief  of  head  (as  velocity),     Iri  case  the  jetty  is  nomal  to  tho 
bank  (Fig.  It)  the  paths  to  the  ends  of  ^-he  jetty  are  not  as  easy  as  tho  one 
through  the  jetty,  :.nd  so  tho  excess  head  will  roliovo  itself  by  flowing  at 
a  high  velocity'-  straight  through  the  pcrneablo  jotty  face.     This  results  in 
tho  '"destruction  of  -.any  protecting  bar  da-mstrcan,  and  often  tho  ^otty  it- 
self is  undercut  and  sottlod  by  the  scouring  action  of  the  swift  ourrent. 
It  is  the  obj'jct  of  the  designer  to  prevent  t]-Le  forr.vation  of  the.so  objec- 
tionably high  velocities  through  tho  jotty«    This  can  be  done  by  maintain- 
ing a  certain  predcterninod  naxinun  pressure;  (head)  upstroa.n. 

Two  conditions  influence  the  magnitude  of  this  head  above  a  pome- 
able  jetty:. tho  length  of  tho  jetty,  ai;d  its  angle  with  tho  bajil:,  "vYhen- 
ovor  the  length  of  a  jetty  is  incr^;.ascd,  th.c  unit  presrjuro  along  its  face 
in  increased,    A  very  short  jetty  v/ould  obviously  impound  very  liti;le 
excess  head  and  -  sc^  the  flow  of  ^vater  through  tho  jetty  would  bo  at  a  de- 
sirably slow  velocity,     novvover,  fig^iro  5  illustrates  hew  increased  length 
builds  up  ac-ditional  pressure,     Tho  curved  paths  of  figure  ^-c  represent 
thiO  flov;  of  tho  excess  r-ater  as  it  seeks  to  escape  around  tho  jetty  and. 
Section' 1  could  probably  discharge  its_  oxcoss  around  the  one  of  tho  jotty 
and  v/ould  impound  no  appre.ciable  head,  ■  But  sections  2,  3         -4  s^i*'^  also 
thj'owing  excess  v/ator  to  the  end  of-  the/  jotty  sc  that  a  piling-up  effect 
occurs  all  along  tho  jetty  face.     The  magnitudes  of  tho  "n"  or  pressure 


Gompononts  in  figure         inoroaso  -:rith  tho  length  of  tho  jetty,  but  at  a 
slovvor  rato,    Honco  the  designer  nust  realize  that  "vhilo  a  hundred-foot 
jetty  may  produce  desirable  silting  vclocitiGS  below  it,  a  sirdlar  jetty 
Wice  that  long  v/lll  not  give  the  sane  rosults  v-rithout  special  design. 

The  other  condition  governing  tho  pressure  or  head  above  a  jetty  is 
tho  angle  vfhich  the  jetty  forms  with  the  bank.    Figures  6-a  and  6-b.  shova" 
one  jetty  nomal  to  tho  bank  and  the  other  pointed  in  a  doTmstreaii  diroc-  , 
tion.    In  cither  case,  tho  original  curront  "c"  nay  be  thought  of  as  boing_ 
resolved  into  two  components  as  it' near s  the  jetty.    One  of  those  is  a  head 
"n"  (against  tho  jetty)  v/hich  expends  itself  as  volocit5'-  thr'-.'ugh  the  jetty,. 
The  other  component  is  a  velocity  "v"  parallol,  to  the  jetty.     If  "n" 
(representing  velocity  through  the  jetty)  is  to  bo  held  to  a  predetcrriinod 
maximum  value,  the  other  component  must  be  made  relatively  larger  to  com- 
pensate.   Figure  6-a  shov/-s  a  large  unit-pro s.suro  "n"  because  very  little  of 
tho  original  current  "c'"  can  escape  around  the  end  as  velocity  "v".    On.  the 
other  hand,  in  fi;;ure  6~b,  the  value  of  "n2"  is  less,  than  that  of  "n^"  bo- 
cause  the  com.ponont  "v"  can  easily  escape  da ,11  stream,  and  thereby  reduce 
tho  pressure  "n"  against,  the  jetty.    The  flatter  the  angle  "j"  (Fig,  8), 
tho  smaller  will  be  the  pressure  on  the  jetty  faco. 

Theoretically,  the  designer  can  control  this  velocity  tlirough  the 
jetty  by  the  proper  design  of  both  length  and  angle  T/ith  the  barJi:,  In 
actual  practice,  hcvrover,  the  length  is  fixed  by  circum.stances  ethor  than 
the  consideration,  ca  a  desirable  velocity  through  tho  jcttjr,    Honco  the 
designer  is  compelled  to  take  a  given  length  of  jetty  and  set  it  at  an 
angle  which  wil"  produce  the  desired  retardation.    In  figure  J~g.,  "H"  is 
tho  resultant  o,f  the  various  curved  paths  of  figure  S-a,     This  resultant 
vidll  produce  a  o-rtain  pressure  value  "n"  which  v,-ill  in  turn  result  in  a 
certain  velocity  thro'ogh  the  jetty.    But  assume  that  the  outer  end  of  the 
jetty  is  tuma  d o./istream.,  and  it  vj-ill'be  seen  that  tho  comipcncnt  "n"  is 
reduced,     (l-'.g-  Thus  tho  effect  of  turning  the  jetty  end  is  to  reduce 

the  velocity  uhrough  the  jetty  as  v;ould  be  tho  case  if  the  jetty  VvXiro  actu- 
ally shortoiied,     Tf  the  pressure  "n"  is  still  too  high,  sections  3»  2,  and 
oven  section  1.  may  be  bent  dovmstroar.  to  give  a  final  curved  jetty  as  in 
figure  8,     The  pressure  along  this  jetty  has  thus  boon  reduced  to  a  pre- 
determined value  oven  though  the  length  could  not  be  charged.     It  follows 
that  any  length  of  jetty  may. have  this  prodotormincd  pressure  on  it  if  the 
jetty  is  built 'on  this  curve, 

A  parabola  ansvtcrs  the  rcquirem.cnts  of  the  curve,  viz,,  that  both 
ordinates  must  increase  simultaneously, '  aiid  that  the  rato  of  curvature  must 
not  be  uniform.    Experience  has  shown  that  tho  parabola  which  givos  the  best 
practical  curve  for  tho  jetty,  has  tho  impirical  equation,        =  i4000x,  where 
both  variables  arc  expressed  in  feet,.  ,  ,  ,  (Equation  1) 

♦ 

The  foregoing  equation  should  bo  modified  for  long  jetties  on  narrow 
stroaiis  with  high  velocities,  i,c.,  u'here  tho  jetty  obstructs  a  large  per- 
centage of  the  chcinnel  vddth.      In  such  a  case,  tho  jetty  acts  as  a  partial 
dam  and  is  subjected' to  an  excessive  pressure  bocauso  the  Vi^ter  cannot 
readily  flow  around  tho  end  of  the  jetty  even  though  the  curve  is  used.  To 


-5- 


rolieve  this  condition,  tho  entire  jotty-cixrve  must  be  rotatcjd  in  a  down- 
stream, direction,  decreasing  o.ni:;le  "j"  of  figure  8,    For  orif^'inal  stream 
velocities  of  more  than  throe  miles  per  hour,  the  following  im.pirical 
formula  is  useful  in  finding  t}io  angle  botwoon  the  tangent  and  the  bank; 

j  s  35  degroos  +  (arc  cosecant  l/S  velocity  in 

miles  per  hour)   ,   ,  ,   .  (Equation  2) 

A  study  of  the  relationships  indicated  shows  that  an  increased  ve- 
locity will  require  a  flatter  angle.     This  is,  of  course,  to  provide  the 
velocity  along  the  face  of  the  jetty  with  an  easier  escapement  and  to  pro- 
vent  piling  up  as  head  above  the  jetty. 

In  connection  with  tlie  location  of  a  flexible  jetty,  it  should  be 
noted  that  to  loco.to  the  outer  end  at  a  higher  elevation  than  that  of  the 
center  of  the  jetty  is  often  disastrous.    Such  procedure  causes  a  head  to 
pile  up  at  the  enu  of  the  jetty  and  results  in  an  increased  flow  over  and 
through  the  center  of  the  jetty.     This  increased  flow  scours  out  the  center, 
settles  the  units,  and  ruins  the  entire  installation.     The  practice  of  ex- 
tending a  jetty  completely  across  a  main  charaiel  should  be  avoided, 

Y{i.\cn  the  length  and  dirootion  have  been  dcterfiiined,  the  height  of  the 
jetty  must  be  considered,    Ordinarx^-  cir oi;im3tancos  dcimand  that  the  bar  which 
is  formed  shall  bo  high  enough  to  cover  the  toe  of  the  caving  bank.     If  this 
requirement  is  to  b^.;  mot,  tho  jotty  top  should  extend,  to  at  least  above  lev/ 
water  to  insure  a  bar  of  sufficient  height.    Rarely  does  a  jetty  form  a  bar 
as  high  or  higher  than  the  jettjr    itself,    ViThen  flood  waters  are  to  be  con- 
trolled, the  height  must  bo  increased.     If  ice  is  knovm  to  form  in  the  river, 
the  jetty  sh.ould  be  as  low  as  possible  to  permit  ice-floes  to  pr. ss  over  the 
top. 

Location  and  General  Design  of  Spur  Jetties 

Spur  jetties,  as  the  nam.e  would  indicate,  are  short  jetties  extending 
into  low  water  and  at  least  part  way  up  the  bank.     The  entire  length  of  the 
caving  area  mi.ist  bo  oovcrod  if     this  type  of  protection  is  selected.  Spur 
jetties  are  usually  the  designer's  choice  where  there  is  no  room  to  divert 
the  current  toward  the  opposite  ba.nk, .    The  function  of  such  jetties  is  to  . 
catch  as  much  drift  as  possible,  and  tlius  to  retard  t^.ie  flood  flo'./  along  the 
bank,     Lo.rge  bars  are  net  to  be  expected,  as  the  field  of  action  is  limited 
and  protection  is  afforded  by  reterding  t?ie  current  to  below  the  scouring 
point.     Spurs  serve  very  well  in  plo.cos  rrhoro  the  shape  of  the  bank  line 
must  not  be  disturbed,  s.uch  as  a  stretch  of  railroad  right-of-^vay  I'.diere  the 
caving  is  in  the  incipient  stage. 

Because  the  spur  jetty  does  not  attempt  to  divert  the  current  it  is 
continually  subjected  to  heavy  pressure  from  the  intermittent  rises,  and 
this  Tvithout  any  appreciable  assistance  from  bars  bclov;  the  jetty.  ?or 
th-is  reason,  particular  attention  must  be-  given  to  the  strength  of  members 
and  to  anchorage,    IIeo.vy  runs  of  drift  at  flood  season  tend  to  push  the  spurs 
out  of  lire,  so  that  they  become  parallel  to  the  bank  where  thoxr  are  of  little 
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cffcct.     To  obviate  this  tcndoncy,  all  li:ion  should  bo  fastoncd  together  at 
loast  at  thr-ir  outer  ends.     Special  anchcrriro  inuGt  be  provided  for  the  first 
or  upper  line.     This  may  bo  to  a  point  in  the  strooxi  bed  or  to  the  bank  if 
the  anchor  is  far  enough  upstream.     The  sif;nif iccnco  of  this  statoncnt  is 
roadilj^  seen  if  the  jetty,  the  upper  anchorage,  and  the  current  bo  taken  as 
throo  forces  in  oquilibriuin,     Sinco  the  jetty  and  the  anchor-cables  raay  be 
thought  of  as  tension  menibers,  the  thdrd  r.acinbcr  (current)  r-ust  be  in  cCi-prcs- 
sion  and  lie  botv/ccn  the  other  laembors.     Fror.  this  it  i.s  soon  that  a  short 
upper  oiichoraqo  to  tlio  bank  can  not  prevent  the  ."'otty  from  svfi^ging  into  the 
bank  undor  the  pross-uro  of  tho  -current  (comprossion  renbor). 

The  ccrrcot  r.pacing  and  length  -of  spurs  may  as  yet  be  mainly  a  matter 
of  observation  and  engineering  judgment,  but  two  vroll-def inod  rules  must 
govern  such  judgment.     These  tivo  rules  arc;  1.  Spaeo  spur  linos  close  enough 
to  insure  the  formation  of  a  continuous  bar  or  still-v^-ator  aroa  tilong  the 
entire  too  of  tho  caving  bank,     2,  Extend  the  spurs  far  enough  up  tho  barJc'  to 
prevent  flood  water  from,  cutting  behind  tho  bank  orid  of  tho  jetty,  vThilo 
those  rules  appear  to  bo  rathor  olonc.ntary,  m^'^.ny  srur  installations  have 
proved  inefficient  only  because  tho  builder  neglected  tho  d-e-sign  of  spacing 
and  length.     On  stretches  of  tangGnt,  a  spacing  of  tT-.n.ce  tho  longtli  of  tho 
jetty  nay  be  justifiable,    A  chert  radius  ovi.rvo  vdll    ..'ftoM  require  a  spacing 
of  loss  thai-i.  thj  jo-tty  length.    Average  practice  is  to  space  the  linos  o-bout 
as  far  apart  as  the  length  of  tho  lino,     Tho  result  -of  too  v.-idc  a  spacing  is 
tho  continued  cr  oven  augiaontcd  caving  by  eddies  bctwoon  the  linos.    It  must 
be  romior:berod  that  stability  of  the  too"  is  thc  key  to  thc  prctoction  of  the 
caving  bank,  and  if  :. ny  pi.-ints  alcng  tho  toe  are  left  unprctoctod  by  a  cush- 
ion of  water  cr  sand,  the  bank  v.dll  bo  underm.ined  and  continue  in  its  stoop, 
c'aving  profile.    As  soon  as  the  too  is  st;:.blv_,  tho  upper  bank  begins  tr 
weather  to  its  angle  of  repose  so  thxit  vcgotati or  will  again  grow  on  tho 
slope, 

Tho  Icn^'th  of  a  spur  jetty,  as  sugg'esttd  in  rule  tv^o,  m.ust  be  .such 
t?!.at  high  water  can  not  cut  a  channel  around  tho  bank  end.     It  is  equally 
important  t(^  extend  the  cui;cr  ond  into  lor/ wa tor  aixl  beyond  the  toe  of  the 
slope.    Jetties  inGtf.llfjd  to^  cover  only  the  banl-:  slope  aro  docniod  to  failure 
for-  they  provide  no  protoctlon  at  t;:c  too,    A  lor/  volocity  dees  not  ncccssi- 
tato  as  long  a  spur  as  do ■  higher  v»-3locitioo.     This  is  obvious,  foi-  it  is 
easily  observed  that  even  a  very  shiv-rt  spur  vdll  effect  a  retardation •  of  the 
current  over  si  considerable  stretch  of  bank  if  the  current  is  not  very  swift. 

If  the  bank  is  higher  than  the  f  lo  .'C  stage  of  tho  river,  it  may  net 
be  necessary  to  protoct  tc  tho  tcp  of  tb;  bank,  but  only  to  tho  high-v:ator 
mark.    However,-  good  practice  usually  roquires  that  the  ■  jetty  bo  extended  at 
loast  to  the  top  of  th'-  bank  and  often  several  feet  back  onto  level  ground. 
The  latter  case  \r±ll  be  considered  under  tho  "Dosi^^jn  of  Bank  Connections," 

It. is  difficult  to  attempt  any  fcrriula  for  tho  height  of  j ctt5r-units. 
Experience  socris  to  indicate  that  a  variat'i  ";n  in  hoi,;ht  in  this  typo  of 
jetty  does  not  ;:iatorially  affect  the  usefulness.     It  is  b->ttcr,  hi7.-.'Gvcr,  to 
decrease  tlie  spacing  bctvjTcn  liK;es  to  correspond  to  any  docroasc  in  height 
below  six  foot,  '      '  "■    ■  '  ' 
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Conbination  Arran;;,e<?.ent3  of  Various  Typos  of  Jetties 

Certain  situations  call  for  a  nodii'ied  or  cor.bined  -f orn  of  the  diver- 
sion and  spur  jetties.    For  exa-iple,  it  -'■xr/  becoi-ie  necessary  to  set  a  diver- 
sion jetty  at  a  rather  larpe  angle  with  the  bank  with  the  result  tliat  cutting 
at  tlie  ban!;  is  feared,    A  few  spurs  placed  a'.-ove  the  nain  jetty  v.'ill  reduce 
the  volooitj'-  of  approach  to  below  the  di'^njer  point,    Arain,  on  a  curving  .bank 
followed  dovmstreara  by  a  tangent,  a  diversion  line  v;ill  probably  bo  b<jst_.r*or 
the  curve,  while  the  tangent  should  bo  protected  by  spurs,     (Sec  Fig.  9«) 
The  dotted  lin-  s  touching  the  outer  end  of  the  jetties  show  tho  snooth  bank 
line  which  should  eventually  be  fornicd.     This  is  dcsirabl';,  for  an  un'jvon 
bank  lino  (though  covered  hy  jetties)  offers  excessive  intorfercnco  to  the 
naturally  straight  floiT  and  tond.T  to  start  caving  by  creating  v/}iirls  and 
eddies. 

Banks  of  a  stiff  natorial  v:hich  slips  and  slides  in  considerable 
qua.ntitics  offer  a  problcn  different  fron  the  ordinary.    Figure  10  shows  a 
solution.    As  the  bank  "t: '  s'-lp^.  into  the  stroar?,  the  jotty  "p"  parallel  to 
the  bank  intercepts  the  earth  ai:.d  holds  Ic  at  the  fcoo  of  the  slope.  If 
cables  are  used  longitudinally  in  this  ^'^etty^  they  r.ust  be  several  tir.os  as 
largo  as  if  designed  fo:-  siraplo  water  pressure  discussed  later.     The  anount 
of  earth  intercepted  and  held  by  the  jetty  is  rather  indefinite,  but  is  sono- 
tines  enernous  so  thot  a  large  factor  of  safety  r;hould  bo  allai/od.     The  spurs 
"n"  tie  the  nain  jetty  ''p''  tc  xhe  bank  and  prevent  high  water  fron  cutting 
behind  the  jetty.     It  ii  absclatcly  essential  to  r.iakc  use  of  thr?se  spurs  on 
a  training  jcttj'.     Special  caais-  such  as  this  require  some  study,  but  involve 
only  slightly  different  details  than  "chose  already  discussed, 

A  co?ri:ion  supplement  to  a  diversion  installation,  is  a  newly  excavated 
channel  through  which  it  is  desired  to  divert  the  entire  strean  flow, (Fig. 11) 
It  is  not  within  the  scope  of  this  paper  to  discuss  diversion  chan-iiols  at  any 
great  length,  but  their  relation  to  jetties  is  often  quite  inportant  to  tlic 
designer  of  the  jetty,    VriieneveV  possible,  the  new  channel  should  be  located 
with  its  upsc-'oain.  end  at  tjie  point  of  caving,  or  at  least  above  the  cross- 
over bar  vmcre  thu  tlireiid  of  the  strean  starts  to  the  opposite  bank.  The 
function  of  tb.o  jetty  in  such  cases  is  to  silt  up  the  old  channel  and  to 
create  an  excess  head.vrhich  will  induce  a  flow-  through  the  nciv  channel.  For 
this  reason.^  jetty  and  channel  shouli'  be  l;uilt  about  parallel.     If  the 
created  head  is  to  be  of  any  effect,  tVio  jetty  nust  not  be  tee_  far  d ovmstrcam. 
The  lowest  desirable  liiiit  of  thj  i  ittv  location  is  about  the  downstrcan  edge 
of  the  new  channel.     It  is  not  often  advisable  to  curve  the  new  channel,  as 
caving  villi  proceed  rapidly  at  the  bends  and  change  the  direction  of  flow. 
It  is,  however,  a  good  plan  to  have  the  upper  end  of  the  now  channel  a  trifle 
widened  to  nake  certain  that  a  large  volune  of  flood  water  v;il_l  be  carried 
and  that  consequent  scouring  will  enlarge  the  chanjiel  to  the  desired  propor- 
tions. 

Design  of  Solidity 

Solidity  of  a  jotty  nay  be  expressed  as  the  ratio  of  th.e  solid,  parts 
of  the  jotty  to  the  total  area  of  the  jotty  face,  neasured  in  the  sane  vcrti- 
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cal  plo.no  of  projection.     It  is  clovious  that  v/ith  free  oscapciriont  rj*ound  tho 
end  of  the  jetty,  tho  amount  and  vclccity  of  ivator  passin[_;  through  the  jetty 
virill  doorcase  if  the  jetty  face  is  r.iadc  more  solid.    Hence  if  tho  same  kind 
of  jotty  is  to  be  used  in  various  locations,  tho  jetty  should  he  such  as  to 
permit  tho  control  of  solidity  so  as  to  suit  the  various  velocities.  Pat- 
ented steel  jetties  have  an  original  solidity  of  from  10%  to  20%.     The  addi- 
tions of  poles  or  brush  will  increase  these  figures,  but  the  result  is  only 
temporary,  as  these  materials  quickly  ret  aimy. 

Accumulations  of  loo.vos  and  drift  I'fill  stop  up  the  jotty  openinj^s  O-^^d 
give  the  effect  of  increased  obstruction  to  the  current.     If  this  drift  can 
be  depended  upon  to  stay  on  tho  jetty,  it  usually  servos  a  f-':ood-  piirpose. 
Small  drift  produces  the  best  results,  for  it  becomes  ontanf:lod  in  the  jetty 
and  does  not  float  off  curing  high  vrator.     To  catch  small  drift  roquiros  the 
use  of  sm.aller  openings  through  tho  jetty,     Exporicnco  shows  that  about  eight 
square  inches  is  a  good  size  for  openings  provided  tho  openings  are  not  too 
narrow.     Larger  openings  fail  to  catch  much  cf  the  smaller  drift  which  on 
some  western  streams  is  the  only  drift  available.     Those  dim.ensions  for  open- 
ings are  only  average  values  and  can  not  bo  used  in  every  instance.    As  \;rLll 
be  noted  later,  the  use  of  'virc  ricsh  (-rr  other  r/eans  to  provido  sriall  open- 
ings) necessitates  a  heavier  jetty  to  maintain  stability  under  tho  increased 
pressure  ivhich  cceurs  v.'hen  the  xvirc  mesh  solidifies. 

In  the  case  of  a  flexible  defloction  iettv  the  first  high  rise  in "the 
river  often  gives  the  m.ost  severe  tost.     This  happens  when  tho  jetty  has  not 
had  sufficient  time  to  build  a  bar  which  would  assist  in  resisting  the  pres- 
sure.    Thus  it  is-  seen  to  be  advisable  to  provide  the  jetty  with  sonc  ricans 
of  utilizing  the  small  drift  and  silt  which  is  present  at  oven  Im  vrater 
stages.    Here  again  polo  or  wire  m.esh  answers  the  purpose  if,  as  rxntioncd 
previously,  tlie  jetty  is  built  sufficiently'-  stable. 

To  obtain  a  ('icsirable  uniform 'protecting  bar,  a  uniform  obstruction 
should  bo  presented  to  the  current.     Of  course  a  very  slight  obstruction 
produces  some  retardation,  but  a  jetty  with  v.t. do  open  gaps  usually  forr^s  a 
sorics  cf  sm.all  bars  vj-ith,  channels  in  betv/con,     Tho  increased  velocities 
through  these  channels  soon  scour  awaj--  vrhixt  bars  have  f  orm.ed.     On  the  other 
hand,  a  uniform  obstruction  results  in  a  uniform  velocity  through  tho  jetty 
and  eventually  the  formation  of  a  solid  bar  below  the  jetty,  insuring  pro- 
tection to  tlac  banks. 

Perhaps  it  is  obvicus  that  very  clear  strcam.s-  require  jetties  which 
offer  a  relativel5/-  high  porcentage  of  obstruction,  but'  a  designer  may 
oq.sily  err  in  the  other  direction  vvhon  the  streiim  carries  heavy  burdens  of 
silt  and  sm.all  drift.    Excessive  small  drift  may  com.plctcly  fill  the  opcn- 
'ings  through  a  jetty,  causinig  water  to  pour  over  the  top  of  'the  units  as  if 
they  were  a  dam.     This  action  washes  cut  any  bar  belov/  the  jetty  and  the 
purpose  of  the  structure  is  partially  defeated.     To  overcome  this  difficulty, 
it  is  possible  to  design  the  uppermost  openings  larger  than  those  lower  in 
the  jetty.     Such  an  arrangement  does  n.ot  distxjrb  the  uniformity  of  obstruc- 
tion (considered  longitudinally  along'  tho  jotty  face).    Uniformity  cf  ob- 
struction in  that  direction  should  ahYays  be  miaintained. 
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Vifithout  more  accurate  oxperiiAents,  fovr  dosi^n'^rs  v:ould  specify  tho 
exact  size  of  openings  roqiiirod  for  a  given  velocity  and  silt  contort.  Too 
often  tho  kind  of  Jotty  soloctod  precludes  the  n.djustnont  of  solidity  to 
suit  tho  location.    At  loast,  tho  designer  can  ascertain  vrhcthor  tho  drift 
to  ho  oxpectcd  is  small,  such  as  Russian  thistles,  or  v;-hothcr  it  may  bo 
trees  of  a  considorablo  size.    Ho  can  also  Iciovir  vrhothor  it  rccuiros  long 
poriods  to  build  up  bars  or  if  deposits  fom    rapidly.     The  knov/led^e  of 
the  so  very  general  conditions  should  assist  the  d'.:signor  in  fixing  tho  ori- 
ginal solidity  of  any  jotty  which  nay  bo  selected. 

Design  of  Anchorage 

This  section  has  to  do  pnrticularly  with  tho  anchorage  of  flexible 
jetties  (not  attached  to  tho  streair.  bod),  cabled  to  dcadncn  or  anchors  up- 
stream,    Tho  general  principles  hero  used  are  applicable  to  pile- jetties, 
but  tho  desired  result  in  that  case  is  to  find  the  stress  in  a  pile-bean.  In 
a  flexible  jetty  the  result  sought  is  the  stress  in  the  anchor-cable,  TJiC 
naxinun  unit-pressure  on  the  jetty  must  first  be  found.    Because  tho  jetty 
is  permeable,  it  is  not  subjocted  to  any  appreciable  hydrostatic  pressure, 
and  any  other  pressure  must  result  from  velocitv  head: 

(h  =  (Equation  3) 

<^ 

Solving  this  equation,  we  find  the  head  "h"  in  feet,  which,  multiplied  by 
the  unit  weight  of  v/atcr,  gives  the  unit-pressure  on  the  jetty  duo  to  ve- 
locity.   Such  a  unit-pressure  must  b9  rxocifiod  by  tr^o  factors;  tho  angle  of 
tho  jetty  vfith  the  current,  and  the  degree  of  solidity,    Coribining  all  the 
terms,  the  resultant  pressure  per  square  foot  of  jetty  face  equals 

(Maximur.i  velocity)  r  n  •  n    -u  j_         •  j-o.  j 

 2  X  '^P  2 —  —     d2,5  lbs.  X  sm  angle  bctirocn  jetty  and 

*  current  x  percent  solid  ....   .       (Equation  U)  ' 

Each  cable  must  carry  a  stress  equal  to  tho  preceding  product  tiroes 
Area  of  jetty  betiYocn  successive  jetty  anchor -cab Ic s  ,  .  v 

(Sin  angle  boti.yoGn  jcTty  and  cables)  •  •  •  •   *  v^^^^"""^^^"^  -^J 

In  case  the  jetty  units  are  heavy  er-^ugh  to  resist  a  - limited  amount  of 
overturning  force,  such  resistance  m.ay  be  deducted  from  the  cable-stress.  A 
simple  moment  equation  about  the  lov.-or  edge,  of  the  jetty  will  svifficc  to 
solve  for  this  resistance,    A  factor  of  safety  shoule  be'  allo'ved  tc  provide 
for  variation  in  r.aximum.  velocities,  for  possible  faulty  cable,  and  for  ice- 
floes (if  this  latter  bo  advisable).     If  those  items  be  considered,  the 
ultim.atc  strength  of  the  cable  should  be  used  instead  of  the  working  strength, 

The  efficacy  of  deadr.en  has  long  boon  appreciated.     Jetties  seldom 
fail  by  re-'-scn  of  new  doadmen    breaking,     Fail-ure  does  occur  either  'by 
reason  of  the.  bank  caving  out  behind  the  doadmen  or  by  rotting  if  logs  are 
used.     Simple  rem-odics  for  those- tv.'o  difficulties  are:-.  1,  Longer  anchorage 
into  stable  soil,    ^2,  Tho  use  of  concrete  or  other  perm.anont  materials. 
Anchors  which  are  placed  in^  the  strcari-bed  r.ay  bo  piling,  concrete  blocks  or 
steel  anchors^    vOiore  gradual  settling  cf  the  anchor  is  depended  upon  for 


future  anchorp.ge,  the  designer  inust  r;.3;u-ira  himswlf  that  underlying  rock  is 
far  enough  below  the  stream  bed  to  perrait  su'ificient  settling;  of •  the  anchor. 
Here,  again,  ■  it  is  ivell  to  roHiertber  the  axiom  stc.tod  in,  the  section  on 
"Location  of  Spur  Jetties,"  which  sa^-o  that  the  direction  of  ri\-er  and  bank 
cables  should  be.  such  that  equilibriuir.  is  maintainod  botvTCen  cables  nnd 
current,  ■ 

Design  of  Bank  Connection 

The  function  of  the  connection  at  the  bank  is  to  prevent  both  floods 
and  low  water  from  cutting  behind  thc.-jictty,     EA-poricnce  shov/s  that  to.  make 
this  connection  of  a  temporary  nature  is  a  serious  mistake.     Through  the 
entire  life  of  the  jetty  the  bank  cor^icction  is  suu-iocte:l  to  attack  by;  the 
current  and  hence  the  connection  should  be  as  pernianent  as  the  rest  of  the 
jetty.     If  caving  exists  at  the  point  of  conxicction,  the  ;^etty  should  extend 
back_ onto  .stable  soil,  in  anticipation  of  further  caving,-     ■       •  ■ 

The  heighh,  shape  end  mxitcrial  of  the  connection  are  not  as  important 
as  is  its  flexibility'".     If  a  connection  i,"  fixed  rigidly  coid  can  , not  adjust 
itself  to  chanfrint";;  conditions,  th.e  whole  jetty  v;ill  fail,  ■  For  oxanplo,  if 
mre  mesh  is  used,  the  desi[-;ncr  should  use  a  wide  :ipror  v.'hich  car -fill  any 
voids  -that  may  occur,  ^  If  steel  units  are  used,  the  _attach^iaQnt  to  barJc 
cables  should  be  near  the  bottom  of  the  unit  to  permit  its  sottlomont  into 
voids.     Even  brush  should  not  be  cabled  so  as  to  leave  it  susp-c-ndcd  above 
the  bed  if  a  hole  should  scour  underneath  it.    Probably  the  most  danr;-i;-rcus 
point  of  scour  is  at  the  edge  of  low  virator,    Ecre  the  scour  u-nd ermines  , the 
entire  bank  and  great  care  must  be  given  to  the  design- of  tlds  part  of  the 
connection,  ■  ,  • 

A  shorter  bank  connection  m.ay  safely  bo  used  if  the  bank  is  sloped  ■ 
before  installing  the  jetty.    Weathering  will  ovantua:lly  produce  ".a  sloped 
bank  of  ih'.l  or  flatter,  if  the  too  is  protected,  but  if  artificial  sloping 
is  done  at.  the  .  time  of  installation,  stability  is  hastenod  r^nd  there  is  less 
need  to  provide  for  future  ca-</ing  at  the.  connection.     The.  probable  severity 
of  currciit  attack  may  .bq  judged  somo\7hat  by  the  angle  f.t  vdiioh  the  current 
strikes  the  bank,  andi  by  the  velocity,     A.n  increase  in  either  of  these  fac- 
tors necessitates  increased  care  in  th_e  d.-.sign  an',  in.-tallation. 

As  was  previously  pointed  out,  the  flexible  def  lectie^n- j  ctty  induces 
a  secondary  current  (parallel  to  the  jetty  face.)  vfliic'h  is-  quite  likely  to 
scour  beneath  and  settle  the  units.     Two.  methods  have  been  successfully 
used  to  prevent  this  settling  action,     T]ia  first  method  is  to  use  a  jetty 
material  having  a  Iovt  specific  gravity.     Even  the  ncvice  knows  that  the 
'relative  tendency  of  bodies  to  sink  in  vmter  is  a  function  of  their  speci- 
fic   gravities.     The  popular  statement  of  this  fact  may-be  in  som.cvirhat  dif- 
ferent terms,  but  the  relative  buoyt^nt  effect  of  the  lower  specific  gravity 
is  the  principle  suggested  in  any  case.     Since  the  settling  of  jetties 
occurs  ,  in  semi-liquid  sand,  this  scjnc  principle  is  applicable,    Arr  cxamplo 
of  tvfo  comiiion  jetty  materials  is  seen  in  the  case  of  concrotc^  and  stool, 
Takiiig  "the  respective  specific  gravities  as  2mU         7»8*  "^^^^  subr.erg-od 
weights  of  equal  volum.es  of  concroto  and  steel  are  in  the  ratio  .of  1:I},8,. 


This  cloarlj'-  shovfs  the  r.dvantcf^o  of  solcctiiir;  jotty  material  having;  a  lov^ 
specific  [gravity,  if  sottl:. nr.;  iT  a  c 0113 idjrr.t ion. 

ThG  second  mothocl  of  prcvortirj.  sorA'i  and  sifusoqucnt  settling  is  to 
hold  the  induced  current  away  from  the  jeoty  face.     This  has  boon  ancon- 
plishcd  ty  the  use  of  secondary  jetties  nortnal  to  the  main  jetty  and  con- 
nected to  it.     These  short  spurs  running  upstream  from  the  deflection  jetty 
interoopt  the  induced  current  as  it  flows  parallel  to  the  deflection  line. 
Bars  arc  thus  formed  above  the  upstream  face  of  the  jctt.y  so  that  the  current 
is  hold  av/ay  and  prevented  from  scouring;  at  a  point  v»'hcre  settlement  of  the 
jctt^?-  v\rould  be  the  result.     These  same  small  bars  act  as  a  cushion  against' 
ice-floes,    ,  .  ■  - 

Exam.ple  of  Bank  Protection  Design 

Fir^ure  1  represents  an  actual  problem,  in  bank  prctection.     Details  of 
the  c-ngineers'  design  are  ;.;i\'-en  as  an  o:cam.ple  cf  the  general  procedure  in 
such  v;ork. 

Location 

It  v.'ill  be  seen  that  the  city's  v/olls  v/ere  or.'J  angered  by  ere  si  on  of 
the  adjacent  river  bank;  hence  the  problem  v/as  to  chocl;:  the  erosion  from  its 
upper  :;nd  to  a  point  just  bolov/  th-:  vr^lls,     iirosicn  fartl  '.^r  do;.rnstreaM  xvas  cf 
no  ijTimcdiato  interest  to  the  city.     Smith  concrete  jetties  vrore  selected  -for 
the  installation,,    ■Because  of  the  low  sandbar  across  the  river  and  the  fact 
that  the  caving  bank  was  but  slightly,  curx'-od,  it  was  decided  to  effect  tho 
deflection  of  the  current  by  one  diversion  wing.    Erosion  extended  about  300 
feet  above  tho  r/ells,  so  a  300-foot  jetty  was  located  just  below  the  smiall 
ravine  at  the  upper  end  of  the  caving. 

Height  and  Bank  Connection 

At  low-  stages  the  watei-  vv^as  only  about  14  feet  deep;  consequently  7-foot 
units  v/eje  used.     This  height  was  sufficient  to  insure  the'  fcrmation  of  a  sand 
bar  high  enoufh  to  cover  the  toe  of  the  caving  ban]:  belov^  the  jett^*-.     The  deep 
channel  at  th-;  bank  required  a  fe"v\r  8tf-feot  units  to  bring  the  tops  of  all  the 
river  units  to  a  fairly  even  grade.     It  seemed  likely  that  some  little  caving 
night  continue  above  the  jetty  for  a  short  ti),\o  and  for  this  reason  three 
units  were  placed  on  top  of  the  stable  bank  at  l^?,--foot  centers  to  provide  for 
such  an  em.ergency.  .  . 

Curvature  and  Water  Pressure 

Applying  tho  formula  y2  -  I^OOOx,  the  offset  of  tho  outer  unit  from,  'the 
tangent  O-Y  wt.s  found  to  be  22-g-  feet,  (Equation    1    vfith'  y- -  300  feet.)  Also 
solving  for  the  angle  "j"  (fig,  5  and  equation  2)  "j"  was  found  to  be  35 
degrees       (arc  cosecant  I/2  x  6)  »  35  +  19i"  degrees  =  aper  cximatoly  55  degrees. 

Unit-pressure  on  the  jetty  -' 
(8,6  X  8,8)  X  62,5  lbs,  X  sin  60  degrees  x  ^0%  =  32.5  lbs,  •  •  ,  (Equation  U) 
2  X  32,2 


-12- 


Fifty  percent  ultinatc  solicMty  Yur:  usod  l-.ccc'.usc  vdro  mesh  "■-i'-ith  2"  x 
openings  Vv'^as  tc  oxtoud  cvor  the  entire  jotty  ana  v^c.ild  collect  considor- 
ablo  snail  drift,  thus  incroasing  the  cri,;,inal  srlidity-  ci^  1B%  to  apprcxi- 
natoly  ^0%, 

Anchor  Cables 

ConcrGti;  river-anchors  Yirorc  tc  do  settled  into  the  stroai"  bed  foot 
a'part  and  'jO  feet  upstream  from  the  jetty  (fi£;«  L'.i),     Thus  the  r'Xixinurn,  cable 
stress  ■'-•Tould  occur  in  those  cables  mkinr  the  sraallr  st  an^;lG  v.'-ith  the  notty 
line  (here  decrees), 

MuxLam  cable  stress  r.  12.^  x  P.g  x  32.5  Igg.  r  UCSO  lbs  (Squation  5) 

(8^-foot  urdts)  "  Sin  It5  d 

FrciTi  this  amount  v:as  subtracted  1000  lbs,  as  the  fcissur.cd  ev::r turning  resist- 
ance for  each  unit.     This  ainount  (lOOO  ]bs,)  vas  later  ci-ockcd  and  found 
correct.     i4Gc30  lbs,-1000  lbs,  =  5880  Ibi;,    U.-in:;^  a  factor  cf  safety  of  2.0, 
the  required  strength  for  each  anchor-cable  \k-s  77gC  lbs.    An  8500-lb,  1/^2- 
inch  cable  was  s  - Icctcd,    Four  5/8-inch  lon^^itudirial  cables  runninjj  botiroen 
tliO  units  vroro  used  tc  support  tJ-^c  vire  ;:!eah.     The  total  ultimate  strength  of 
these  Gables  vra-s  20, COO  Ije, 


Jetty  Unit 

The  general  f  cm  of  the  Snith  ccncret-?  jetty  unit  is  .ihav'/n  in  figure 
12.     The  central  mass  of  concrcto 'servos  chiefly  to  b  :}id  the  divcr^-in;-  arr.s 
at  the  center,  althor.gh  the  additional  T'oi,:-ht  is  desirable,,    Eencc  the  do- 
sign  cf  the  unit  .consisted  in  calculating. the  strength  of  the  cantilover  arns 
and  chocking  that  strength  against  the  r.aximur.  prossure  brought  to  the  arns 
through  the  cabl.is  r.ixC.  v;iro  nosh.    Figure  13  chows  the  am  section  adopted 
for  the  ^-foot  unit        A  taper  of  one  inch  P':r  foot  vras  fou-nc  to  give  a  sec- 
tion strength  proportional  to  the  stress  fron  the  bonding  rnoinont  at  the 
given  SGctic'i,  using  a  concentrated,  load,     3clov/  aro  .;;iv  ;n  data  and  caxlct^la- 
tions  of  the  arri  strength  (taken  as  a  roinforcod  ocncrotc  cantilever  bear.)* 
Because  of  the  nature  of  ,t}ic  structure,  the  ultimati.'  strength  of  concrcto 
and  the  elastic  lirdt  r/£  steel  vjovj  used  for        and        rbspcctivoly,  Svon 
the  partial  failure  of  a  jettj'-  ;.:or:ib(jr  is  not  serious  enough  to  justify  the 
added  expense  of  using  standard  iVcrking  stresses  for        and  f^: 

AmStren;:  tb 

As  -  2  X  0.1i4  =  0,38  sq,in.  f^=  2,500  lbs. 

d  =  5.65"  ,  f^=50,000  lbs, 

k  =  V~2pn  4.  "TT'^  —  pn  =  0,5145 
j,  '  0.818 

Moment  arn  =  i48"  =  length  of  jett5'-  arm", 

Moment  =  .'t8"  x  ^1  '  '  W  =  ^^^g^^    ,  •        -  ' 

W«  =  Jff  x  j  X  k  -x  bd^  =  ^  X  2500  X  0.818  x  C.5b5      225,5  -  ^  ^ 

— TfH^'  Ll^r.   "  2o29  Iks. 
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WS-  p  X  f s  X  j  X  bd^  _  0.0219  X  30,000  x  0.B18  x  2^^6,3  _        c  n 
 j^^^^^,  dbUb  1.^3. 

Maxinun  prossuro  carried  by  ouo  t.rr.  -  l/U  total  aroa  botvTccn  units  niultiplicd 
by  unit  prosGuro  on  jetty  -  7_x  12|  ^  ^^^^  ^  lbs. 

u 

s  factor  of  safety  .  3.5* 

(Dosijjn  for  am  strength  thus  proved  ccrroct) 
Bond  in  Ccntor  Block 

Maximum  stool  stress  «  2  x  0*hh      50,000  lbs,  -  26,q00  lbs. 

Bonded  aroa  =  2  x  2i4"  x  2,36"  s  113.28  sq.in. 

Unit  bond  stress  •  26,J400 

TT372^  "         liJS,  per  30,  ill, 

Rosistanco  of  Unit  to  Ovortv.rninf;; 

Gross  wcij-ht  of  unit  1888  lbs, 

Subnorgod  vrt,  (sp,  rr,  concroto      2,U)   ,  ,  1105  l^^s. 

Weight  of  unit  acts  throurji  center  line  of  unfit, 
0vcrturnin,r3  force  acts  threu;^;h  l/3  point  (frora  bottom). 
X  =  ovorturninj-,  forco. 

Moment  equation  'About  Icwor  dov^Tistroam  arm  is 

(7/3)'  X  X  lbs,  «  1105  1'3S.  X  2i-',  "X"  -  1185  l':-'S. 
(Assumption  of  1000  lbs,  vais  on  sido  of  safot^O 

Fij'ure  lli  shovrs  some  of  the  dotuils  of  the  complctoly  desi(jnod  units. 
This  instc.llation  hus  now  boen  in  service  for  about  three  jrcars,  and  all 
calculations  ..s  to  stron^th,  stability,  and  solidity  Iiavc  proved  to  be 
correct,     The  bar  on  the  opposite  side  of  the  river  is  beinr  cut  avvT.y  and  a 
lar^o  sandbar  extend  s  from  t}ic  Jetty  to  a  point  be  lev  the  itoIIs,  giving  com- 
plete protect''  ^■^  -^o  -^-his  property'-. 
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